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ABSTRACT
More than 700 rice (Oryza sativa L.) varieties and 
pure line selections were evaluated in the field for their 
response to stem rot, caused by Magnaporthe salvinii (Catt.) 
Krause and Webster (Sclerotium oryzae, Catt.), during the 
1973 and 1974 growing seasons. The field nurseries were 
inoculated about 40 days after planting with S. oryzae 
grown on a rice grain-rice hull medium. A disease index 
(DI) was calculated from a 20 tiller sample rated at ma­
turity on a 1 to 5 scale for the degree of stem rot infec­
tion. Six percent of the selections received a DI of less 
than 2.0 in the 1973 test, however, no selections received 
a DI of 2.0 or less in 1974. In both years about one-third 
of the lines tested received a DI between 2.1 and 3.0 with 
more than 50 percent receiving a DI of 3.1 or better, a 
susceptible or very susceptible reaction. Most of the 
commercial varieties grown in the United States were rated 
as susceptible.
In greenhouse tests conducted in 1974, highly signi­
ficant differences in stem rot infection were found among 
varieties evaluated at the hard dough stage. Varieties 
and selections Tangin-Bozu, IR-8, IR-8xCS-MS/2, 72Cr5055, 
Cr718266, Cr725084 and Cl 9899 received a DI between 2.1 
and 3.0 a moderately resistant rating. In the 1974 tests, 
a highly significant correlation (r = 0.73) was obtained 
between the disease index and the percent of dead leaves
of a variety at the hard dough stage. Correlations be­
tween disease index and lesion length measured 33 days after 
wound inoculation were not significant in any of the green­
house tests.
An experiment to evaluate inoculation methods for 
varietal evaluation of stem rot resistance in the green­
house Indicated that placing viable sclerotia on the water 
near the plants was a satisfactory method of inoculation. 
This method of inoculation produced the most severe in­
fection with the lowest coefficient of variation and was 
also the simplest and least time consuming method. This 
test also indicated that wounding the stem was not necessary 
to obtain a severe stem rot infection.
Lesion length measured on inoculated detached stems 
was significantly correlated (r = 0.594) with the disease 
indices obtained for the same varieties in the field 
nursery. However, the cut stem method for evaluating 
varietal response to stem rot required more time and effort 
than obtaining disease indices in field and greenhouse 
tests.
A field experiment to determine the most suitable time 
for inoculation of field plots indicated that inoculating 
at the tillering stage produced a more severe stem rot in­
fection than inoculation at the seedling, middle booting, 
late booting, or heading stages of growth. The results of 
an experiment conducted to determine the inoculum level to
use in field nurseries indicated that 50-100 sclerotia per 
plant was adequate, depending on the level of the natural 
inoculum present in the field.
A greenhouse experiment to determine the relationship 
between the DI of a variety and actual damage to the rice 
plants caused by stem rot showed that the DI was signi­
ficantly correlated with yield loss (r = 0.438), and with 
the reduction in the number of green leaves per plant 
(r = 0.437). This indicates that the disease index is a 
good indication of the severity of the stem rot infection.
There was a highly significant correlation (r = 0.65) 
between the disease indices obtained in the greenhouse and 
the disease indices obtained for the same varieties from 
replicated field tests.
INTRODUCTION
The most important crop in the world today is rice;
Oryza sativa L. It is the staple dietary source of energy 
for approximately half of the human race. Rice is a major 
crop in the United States in the states of Arkansas, 
Louisiana, Mississippi, Texas and California. In recent 
years, changes in varieties, cultural practices and high 
applications of fertilizer have brought about subsequent 
changes in prevalence and importance of diseases. One of 
the principal rice disease which is serious year after year 
is stem rot caused by Magnaporthe salvinii (Catt.) Krause 
and Webster (Sclerotium oryzae Catt.). It is one of the 
more important rice diseases in the world and it has been 
found in all the major rice producing countries (Ou, 1972).
In the United States stem rot has been reported from 
all the rice growing areas. The disease is normally endemic, 
occasionally becoming epidemic causing heavy damage to the 
rice crop (Tullis, 1940; Lindberg, 1970). The fungus attacks 
the stem at the water-line. Affected plants become weak 
and lodge easily making harvest more difficult. The grain 
of affected plants fails to fill normally becoming light 
and chalky, with poor milling quality.
The actual losses in yield ranges from a trace to as 
much as 80 percent (Tullis and Cralley, 1933; Krause and 
Webster, 1973). The amount of damage due to stem rot is di­
rectly related to the nutritional status of the plants. High
1
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temperature and humidity associated with deep water, poor 
land preparation, and thick planting favor disease develop­
ment. It has been suggested that the most effective means 
of controlling the stem rot disease would be through varie­
tal resistance (Adair, 1959; Mathur et al̂ . , 1963, Srivas- 
tava and Ahuja, 1973; Srivastava et̂  al., 1974).
Most of the U.S. commercial varieties are susceptible 
to stem rot. The need to increase resistance in the U.S. 
varieties is great. An important objective of the breeding 
program is to find sources of resistance and to incorporate 
resistance into commercial varieties.
Little information is available concerning the inheri­
tance of resistance to stem rot. It is important to initiate 
research to determine how resistance is inherited from prom­
ising sources of resistance to guide the breeders in making 
crosses and backcrosses to incorporate resistance into com­
mercial varieties. This information is also needed by the 
plant pathologist for use in studies of the host-parasite 
interaction.
The primary objectives of this study were: (a) to
evaluate the response of available commercial varieties and 
breeding lines to the stem rot disease under field condi­
tions; (b) to locate sources of resistance and suscepti­
bility to stem rot for use in breeding and mode of inheri­
tance studies; (c) to develop methods for screening rice 
varieties for stem rot under field and greenhouse conditions;
and (d) to find a suitable method for testing individual 
plants for their reaction to stem rot for use in inheritance 
studies and early generation selection.
REVIEW OF LITERATURE 
Distribution and economical importance of rice stem
rot disease. Rice stem rot disease was first reported from 
Italy in 1876 by Cattaneo (Cattaneo, 1876). Since that 
time the disease has been reported from practically every 
rice producing country in the world. It has been found in 
all the countries of South Asia and in almost every field 
where rice has been grown for many years (IRRI, 1964, Ou, 
1972). According to Cralley (1936b) stem rot disease has 
been reported from China, Japan, India, Bulgaria, Cochin- 
China, Ceylon, Portugal, and The Philippine Islands. It was 
reported from Pakistan (Kang, et̂  , 1970a), Vietnam 
(Vincens, 1921), and different places in Latin America 
and Guina (Ou, 1972).
Stem rot was first reported in the United States in 
1907 in North Carolina (Metcalf, 1907). In 1921,Tisdale 
reported the occurance of the disease in Louisiana (Tisdale, 
1921), and it was first found in Louisiana on the Bob Black 
farm (Anonymous, 1950). An abundance of Sclerotia was 
found in rice fields and in old rice straw at Crowley, La., 
in the spring of 1919 (Tisdale, 1921). In Arkansas it was 
identified in 1923 by Young (Young, 1926). In 1930,Tullis 
reported the occurance of the disease in several locations 
in Texas, (Tullis, 1930). In 1932 the disease was re­
ported from California, (Tullis, el al., 1939). In all
4
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countries in which stem rot disease has been reported con­
siderable yield loss due to the disease was also reported. 
According to Hashioka (1970) the stem rot disease caused 
lodging and premature loss of grain in all rice growing 
regions. In Arkansas, stem rot damaged the crop and lowered 
the quality of the grain sufficiently to make it generally 
unfit for human consumption (Anonymous, 1925). The damage 
varies from year to year and from place to place. In cer­
tain years, in Punjab, where the conditions are favorable 
for the disease half to three fourths of the crop was de­
stroyed. The loss of 5 to 15 percent of the crop is common 
every year (Paracer, 1944). Cralley (1936a) reported that 
losses from stem rot in Arkansas varied considerably from 
year to year, during 1931, 1932 and 1933. The yield was 
probably reduced as much as 75 percent in severely infected 
areas, and the average annual loss in yield was estimated 
to be about 10 percent. According to Tullis and Cralley 
(1933) the actual losses in the yield of rice due to stem 
rot range from a trace to as much as 80 percent in severely 
infected fields. They estimated the average annual loss 
to be approximately 10 bushels per acre.
In Vietnam, the losses in yield as reported by Vincens 
(1921) were 50 percent or more. According to Hernandy 
(1923) as reported by Ou (1972) annual losses in the 
Philippines were 30 to 80 percent. Larsh (1944) observed 
in Arkansas that a field which had been seeded to rice for
6
3 or 4 years in succession sustained losses of nearly 5 
percent and in several cases in the nursery in Arkansas 
the losses were greater than 10 percent. Luthra and 
Sattar (1936) reported that losses due to the disease in 
Punjab and West Pakistan were 5 to 80 percent. Kang et al., 
(1970a) stated that the losses in Punjab were 48 percent 
in weight of grain when the incidence of the disease was ten 
percent. According to Padmanabhan (1959) reported by Singh 
(1966) the aggregate loss in India in rice production was 
estimated to be as much as 10 percent due to stem rot alone. 
Recently Krause and Webster (1973) found yield losses under 
field conditions when inoculum was present at the right 
stage of growth (late-tillering and internode elongation) 
to be 18 to 22 percent. In the rice growing region in 
Northern California, stem rot disease has been reported by 
Wesbster et al., (1972) to cause considerable loss to the 
grower when the conditions were favorable for disease deve­
lopment . Losses in yield due to stem rot was caused by 
the effect of the disease on the various yeild components 
of the rice plant. According to Tullis (1940) the plant 
which has been infected by stem rot at the early stage of 
development produces only light weight heads. The lodg­
ing due to the disease causes many of the larger heads to 
be lost when the rice is harvested with a binder because 
they hang so near to the ground. On the other hand it was 
found that when the disease hits early enough the plant
dies, dries out, and the whole plant may crumple down from 
the weight of the head and the grain is chalky and soft.
If not killed prematurely, the stalks may be so weakened 
that the rice falls before harvest if there is a wind or 
shower. For instance^ in the 1949 rice variety plot test 
at Crowley much more stem rot was evident than is usually 
seen. In some varieties, about 15 percent dead stems were 
noted (Anonymous, 1950). The stalk usually decayed near 
the ground soon after the kernel started to form and became 
filled with small black spherical fruiting bodies known as 
sclerotia. The straw turns a dull grayish color, lodges 
badly, and the grain fails to fill normally and becomes 
light and chalky in texture. Harvesting becomes very dif­
ficult and the grain is so light that much of it is carried 
out with the straw (Tisdale,1921; Anonymous, 1925). In 
Arkansas, generally when infected plants approach maturity, 
stalks break over and the plants lodge, but plants that 
are attacked early are killed before they mature and produce 
light weight grain or almost no grain. Lodging resulting 
from stem rot often makes harvesting difficult (Anonymous, 
1972). The damage due to stem rot disease as reported by 
Tisdale (1921) is due to lodging and unfilled panicles and 
also due to increased tillering. According to Lindberg 
(1970) when an epidemic of stem rot developed in the rice 
crop in Louisiana in 1969, the infected lower nodes rotted, 
causing extensive leaf kill and premature panicle ripening.
Panicles were light in weight and grain quality was poor, 
Obseninigo (1955) studied the effect of the nutrition of 
rice on the severity of sclerotial disease. He observed 
that stem rot caused a high percentage of sterility and 
reduced the height of plants and panicles. Complete or 
partial sterility of the panicles due to stem rot disease 
was also reported by Reyes (1929) and Kang et_ al. (1968).
In addition to the actual loss in yield,it has been 
observed that rice from severely infected fields possesses 
inferior milling qualities due to the light, chalky char­
acter of the grain (Cralley, 1936a).
The taxonomy and symptoms of the stem rot fungus. The 
rice stem rot fungus was first described in Italy by 
Cattaneo 1876 in the sclerotial state and was named 
Sclerotium Oryzae catt. (Catteneo, 1876). Ou (1972) 
stated that Cattaneo also described Leptosphaeria salvinii 
catt. from rice stubble as a new fungus infecting rice on 
the outer leaf sheath. Cavara (1889), cited by Krause and 
Webster (1972), described Helminthosporium sigmoideum cav. 
as a fungus infecting the rice plant on the leaves and stem. 
The relationship between the previous three fungi that 
infect rice plants was not known until 1932 and 1933 when 
Tullis pointed out that the three fungi were only different 
stages of the same fungus. He then stated that the three 
fungi belong to the following stages: Sclerotium oryzae
catt. for the sclerotial stage, Helminthosporium sigmoideum
cav. for the conidial stage and Leptosphaeria salvinii catt. 
for the perfect stage, (Tullis, 1932, 1933; and Tullis and 
Cralley, 1933). Then in 1934 Cralley and Tullis during the 
study of the stem rot fungus found that the conidial state 
of the fungus is identical in all essential details with 
Helminthosporium sigmoideum cav. which is the conidial stage 
of Leprosphaeria salvinii catt. but Sclerotia of the fungi,
differ in shape, size and manner of formation. Therefore,
the fungus is designated as Helminthosporium sigmoideum 
var. irregulare. The two organism have the same symptoms 
except in most instances the severity of the disease caused 
by the former fungus is not so great as caused by the latter 
(Cralley and Tullis, 1935).
Subramanian (1956) studied H. sigmoideum and found that 
it was not a typical Helminthosporium he then proposed a 
new genus Vakrabeeja. He then named the fungus Vakrabeeja 
sigmoidea (cav.) Sub., Krause and Webester (1972) found 
that the perfect state of V. sigmoidea differed from the
earlier description of L . salvinii, accordingly they esta­
blished a new genus Magnaporthe. The fungus was then 
named Magnaporthe salvinii (catt.) Krause and Webster.
The stem rot fungus was originally placed in the genus 
Sclerotium by Catteneo because at that time only the 
Sclerotial state had been associated with the stem rot 
disease of rice, and this name has not changed since that 
time. According to usage, the name given to the Sclerotial
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stage, Sclerotium oryzae catt. is the one by which the 
fungus will be designated hereafter in this study.
The symptoms of stem rot disease and the life cycle 
of the organism has been described by several investigators 
(Teodora, 1926; Rayes, 1929; Anonymous, 1925; Tullis and 
Cralley, 1933; Cralley, 1936b; Paracer ejt ajL. , 1943; 
Hashioka, 1970; and Ou, 1972).
Cralley (1936b) reported that under field conditions, 
stem rot symptoms do not ordinarily appear until the rice 
plants are approximately 2.5 months old. Under greenhouse 
conditions, however, the fungus readily attacks rice seed­
lings. The difference in the pathogenicity of the fungus 
under greenhouse and field conditions is correlated with 
environmental factors, but the disease symptoms are iden­
tical in the greenhouse and in the field.
Cralley described the symptoms as follows:
’’The first manifestation of the disease is 
the appearance of small, black, irregular 
lesions on the outer leaf sheaths near the 
water line. In many instances, one or more 
sclerotia of the fungus may be found adhering 
to the sheaths near the center of these initial 
lesions. As the season advances, the diseased 
area gradually enlarges longitudinally and 
radially, finally involving the inner-leaf 
sheaths and culm. Two or more internodes may 
be affected. As the inward invasion progresses, 
numerous appresoria are formed on the outer 
surfaces of the leaf sheaths and culm. By the 
time the fungus has reached the culm, the leaf 
sheaths have partially, or wholly, rotted and 
numerous sclerotia may be found embedded in the 
decayed tissues. Small, irregular mycelial mats 
soon form on the culm, above and below which 
necrotic streaks appear. The fungus then invades 
the interior of the culm, producing a copious 
growth of mycelia and numerous sclerotia. As
a result of the attack, the culm collapses, 
allowing the plant to lodge. The attack 
Increases in Intensity as the plant approach 
maturity. It reaches the peak at harvest 
time. If sufficient moisture is present in 
the fields, additional sclerotia may be formed 
in the stubble after harvest."
Factors that influence the development and severity 
of stem rot. The environmental conditions and the nutri­
tional conditions under which rice plants are grown have been 
reported to have a tremendous effect on disease develop­
ment. Fertilizer is one of the factors that has a great 
influence on the severity of the disease. It was reported 
by many investigators that heavy application of nitrogen 
fertilizer tends to increase severity of the disease, 
whereas potassium application tends to decrease severity 
of the disease (Cralley, 1938, 1939, 1949, 1947; Adair and 
Cralley, 1945; Cralley and Adair, 1949; Paracer, 1944;
Krause et al., 1972; Keim and Webster, 1973).
Cralley (1939), in an experiment to find out the effect 
of nitrogen, phosphorus and potassium with all possible 
combinations on yield as well as on disease severity,
reported that nitrogen, when applied in sufficient quanti­
ties, significantly increased yields as well as the disease 
indices. Phosphorus application, in general, produced a 
moderate increase in yield and tended to increase the stem 
rot indices. Nitrogen and phosphorus, produced higher 
yield and indices when applied in combination than when 
applied separately. Potassium when applied alone did not
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increase the disease indices, and when applied in combina­
tion with nitrogen and phosphorus was effective in maintain­
ing the indices on a level equal to or below that of the 
check plant. Cralley (1940) confirmed this finding under 
greenhouse conditions and field conditions.
Nitrogen fertilizer as reported by Templeton et al., 
(1973) not only made conditions favorable for stem rot 
disease but also made conditions much more favorable for 
other diseases of rice including blast, sheath blight and 
kernel smut . Mathur et̂  al̂ . , (1963) applied a top-dressing 
of ammonium sulphate twice in the growing area to create 
a condition of maximum infection by stem rot disease. Keim and
Webster et al. (1972) found from greenhouse and field experi­
ments that the nutrient content status in the plant itself 
very much affects the severity of the disease. Stem rot 
was more severe on plants with a high N content and on plants 
with a low P content. Stem rot infection was not affected 
by changes in the K content of the plant. Kein and Webster 
(1973) confirmed the above results, but they found that the 
disease was delayed and yield was increased with split N 
application, 25 lb/acre before seedling and 75 lb/acre as 
a top-dressing 84 days after seeding. It appears that in 
fertilizer programs designed to improve yield on stem rot 
infected fields, sufficient potassium should be added to 
the fertilizer to minimize the losses that might be caused 
by stem rot.
The stem rot disease was also affected by other en­
vironmental factors. Reyes (1929) reported that the ideal 
field conditions for the rapid development of the disease 
were warm, moist weather and an abundance of stagnant water. 
The low vigor of the plants affected by an excessive amount 
of irrigation predisposes plants to the disease, in addition 
improper cultural practices, such as poor preparation of 
the land, the presence of weeds and close or thick planting 
also favor disease development. According to Paracer,
(1944) late sowing and late transplanting reduce the in­
fection of stem rot disease. Keeping water stagnant through­
out the growing period of the crop increases the incidence 
of the disease. Cralley (1936b), (1939) found that the 
severity of the infection in the field increased on heavy, 
poorly drained soil. He also found (1936b) that the 
early maturing varieties were the most resistant, and 
a uniform water temperature ranging between 75°F and 85°F 
during August and September favors the rapid development 
of the disease.
Sigh and Pargi (1966) found that a correlation exists 
between maturation and disease susceptibility. Early 
maturing rice varieties usually escaped the infection. 
Infection was greater in fields with heavy, poorly drained 
soil and where the water remained stagnant over prolonged 
periods of the cropping season.
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Ou (1972) stated that Nonaka and Yoshll (1958) found 
that the addition of sodium silicate to the culture solu­
tion (250 - 500 ppm) or to the soil (500 ppm) decreased 
the severity of the disease, because the addition of silica 
resulted in a decrease in soluble nitrogen and an Increase 
in the carbohydrate:soluble nitrogen ratio, and that could 
be the reasons for the increasing resistance of the rice 
plant to the disease. Removal of leaves increases stem rot 
severity, but removal of lower leaf shealth decreases it. 
According to IRRI (1965) the stem rot fungus grows very well 
in dead stem tissue, and it was suggested that the fungus 
is an aggressive wound parasite. But recently Krause and 
Webster (1973) found that direct wounding did not increase 
disease severity. The disease severity in the field was 
found to be very much affected by inoculum rates and time 
of infection. If 30-50 viable sclerotia per plant are 
present between late-tillering and internode elongation, 
significant yield losses occur. They found that any factor 
that reduced the vigor of the rice plant or increased dead 
leaf tissue, which may come from wind or chemical damage, 
increases the severity of the disease. During the past 
two decades, intensification of cultural practices and 
development of improved rice varieties have led to great 
increases in grain yield and quality of the crop, at the 
same time, greatly Increased use of nitrogenous fertilizers 
has made conditions much more favorable for the major rice
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diseases, including stem rot (Templeton et al., 1973).
The main distribution and spread of the disease came from 
sclerotia (Tisdal, 1921).
Experiments have shown that the disease is maintained 
from year to year through sclerotia remaining in the stubble 
and straw in fields after harvest. Sclerotia can be carried 
from affected fields by stubble, soil, livestock, implements, 
drainage water and seed. The inoculum on the stubble re­
mains prevalent in the field for a long time because of 
the high resistance of the sclerotia to the field conditions 
which discourages the use of direct measures to control the 
disease. (Tisdale, 1921; Anonymous, 1925; Sing ê t al. ,
1966; and Jain, 1970).
Young (1928) found that sclerotia can stay viable for 
at least eighteen months in dry soil under greenhouse con­
ditions. Cralley (1936a) reported that 35 percent of 
sclerotia were viable at the close of 2 years in the soil. 
Cralley (1938) and Cralley and Tullis (1938) found that 
after 4 years a sufficient number of sclerotia remained 
viable to produce severe stem rot infection. Cralley and 
Tullis (1940a) found that approximately 4 percent of the 
sclerotia recovered from soil after a 5 year period were 
viable. In uncultivated rice soils Tullis and Cralley 
(1941) found that the stem rot fungus remains viable for 
at least 6 years. Sclerotia have been found by Nishikado 
et al., (1937) and Yoshio (1970) to remain viable for 3
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years at 20°C, 10-13 months at 25°C, 4 months at 35°C and 
one year In tap water at 30°C. Many methods have been 
tried to retard or to partially control the disease. It 
was reported by many investigators that proper fertiliza­
tion in conjunction with other means of control could re­
duce the severity of stem rot disease in infected fields 
(Cralley, 1939, 1940; Paracer, 1944; Keim elt al. , 1972;
Keim and Webster, 1973; Tullis and Cralley, 1933; Cralley, 
1959; Cralley, 1947). It was reported earlier by Reyes 
(1929) in a preliminary test that the use of fertilizer 
during the susceptible period of growth of rice reduced 
the infection by timely stimulation of vigor, resulting in 
increased resistance.
Cralley (1939), (1959) and Adair and Cralley (1949) 
found that potassium fertilizer applied alone or in com­
bination with nitrogen or phosphorus or with both tends to 
reduce the severity of stem rot. Cralley and Tullis (1938) 
reported that sulphur applied at the rate of 1,200 pounds 
per acre, alone and in various combinations with ammonium 
sulphate, superphosphate, and muriate of potash each 
applied at the rate of 200 pounds per acre, was effective 
in reducing the severity of stem rot. Better control was 
obtained when three applications of sulphur were made at 
2 week intervals during the first 6 weeks of the growing 
season, that when an equivalent amount was added at one 
time when the rice was planted. Kiem and Webster (1973)
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and Klein ot aJ. (1972) found that disease development was 
delayed and yield Increased when nitrogen was applied In 
split applications. That is, the total N application (100 
lb/acre) was split, with part of the N (25 lb/acre) applied 
before planting and the remainder (75 lb/acre) applied 84 
days after seeding (early boot stage). Hashioka (1970) 
concluded from his fertilizer experiment that the resistance 
and the susceptibility of the rice plant depend on K/N and 
C/N ratio in the plant body.
A supply of sodium silicate in water culture of rice 
plants at a concentration of 250-500 ppm or in soil culture 
at 500 ppm reduced stem rot. The lower parts of such 
treated plants contained less soluble N, while the C/N 
(soluble) ratio was the reverse. A satisfactory method of 
control for stem rot disease has been obtained by modifi­
cation of the irrigation method. According to Tullis and 
Cralley (1933) and Cralley and Adair (1943) the more prom­
ising control measure is the witholding of standing water 
from the field for a period of time prior to maturity. 
Cralley (1936a, 1938) reported that the withdrawal of stand­
ing water from the field for certain periods prior to the 
maturity of rice retarded the development of the disease.
It has been reported that alternate flooding and drainage 
and keeping the soil muddy but not always flooded along 
with proper fertilization reduced losses in severely in­
fected fields. (Cralley, 1938; Cralley and Adair, 1943;
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Anonymous, 1944). It has been recommended that the field 
should be drained when the first sign of the disease is 
observed, and irrigated there after only enough to keep 
the soil surface moist (Anonymous 1950). Yoshio (1970) 
recommended keeping the water shallow and delaying drainage 
prior to harvest to slow disease development.
Another cultural method which might be helpful in 
controlling the disease or reducing the indices of the 
disease is crop rotation. It has been observed that omit­
ting rice for one or more years resulted in a marked de­
crease of the amount of stem rot in an affected field, 
(Anonymous, 1925; Teodora and Bogayong, 1926). Due to the 
longevity of sclerotia in the soil, crop rotation for short 
periods as a means of control does not seem to be very 
promising (Anonymous, 1925; Tullis and Cralley, 1933; 
Cralley 1936b; Cralley, 1938). Tullis and Cralley (1941) 
tried a long period of rotation of 4 to 6 years and appar­
ently could not eliminate the disease. It seemed that 
crop rotation was impracticable as a control measure for 
stem rot disease since the sclerotia of the fungus are 
long-lived in the soil.
Experiments show that destruction of stubble and 
straw left in the field after harvest, before plowing, by 
burning was found to be effective in reducing the incidence 
of the disease, (Anonymous, 1925; Dean and Tullis, 1931; 
Tullis and Cralley, 1933; Jain, 1970).
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Wood (1932) Indicated that burning rice stubble using 
a tractor drawn burner killed practically all sclerotia in 
the stubble and in the surface inch of the soil. The 
sclerotia which are not killed by burning will produce 
conidia and ascospores which also may produce an infection 
(Tullis and Wood, 1933).
It would be impossible to kill all spores by burning 
and it would destroy also the organic matter which will 
be needed to improve the soil texture (Anonymous, 1950).
Therefore, burning appears to be a desirable practice 
for control of stem rot when used in conjunction with 
other measures. Stem rot incidence possibly could be re­
duced by avoiding the spread of the fungus with soil, 
stubble and possibly seed to disease-free sites (Anonymous, 
1927), and by avoiding thick and close planting (Reyes, 
1929). Hashioka (1970) reported that rice planted on 
raised ridges in the paddy field will partially reduce the 
disease incidence since floating sclerotia could not adhere 
to the lower sheath.
In addition to the previous methods which were tried 
for controlling stem rot disease, field fungicidal applica­
tion also was tried to control the disease. Lindberg and 
Rush (1974) reported that Day Dam 18654 and Topsin 
M(Dimethyl 4, 41-0-phenylenbis (3-Thioallophenate) gave 
significant yield increases in the saturn tests in 1973 
and significantly reduced stem rot. Jains (1970) found
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three to four applications of Arganomercurial fungicide at 
50 to 100 gram of Hg per hectare to the soil at 3 week 
intervals, from the time of transplanting, was effective 
in keeping the disease incidence at a low level. Hashioka 
(1970) stated that no fungicide has been known to be 
effective except phenyl mercuric compounds.
Kang et al., (1970b) found that among seven fungicides 
tested Merculine and Agrosan-GN (Tolyl mercury acetate) 
were the most effective and the non-mercurials were less 
effective, (i.e., Captan and Thiram). The mercury com­
pounds cannot be recommended even if they were the most 
effective because of the danger of mercury contamination.
The final method of controlling stem rot disease 
would be by using resistant varieties which is naturally 
the most satisfactory and most effective means of control­
ling the disease. (Adair, 1959; Srivestava and Ahuja,
1973; Mathur e£ al., 1963; Srivastava et̂  al., 1974).
Toedoro and Bogayong (1926) stated that the only 
method of controlling stem rot disease is through varietal 
resistance and the use of disease-free seed. Ou (1972) 
stated that a satisfactory basic approach to controlling 
stem rot disease is by the use of resistant nonlodging 
varieties.
Many investigators have found that rice varieties show 
differences in susceptibility to stem rot and different 
varieties behave differently towards the disease. Therefore,
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the possibility of controlling the disease by varietal 
resistance is very encouraging.
Test and breeding for stem rot resistance.
Different methods have been used in the field and green­
house in order to create a diseased condition for test­
ing the response of different rice varieties to stem rot 
disease. Artificial inoculation and natural infection 
have been used. Different rating and scaling systems have 
been used to differentiate between resistant varieties 
and susceptible varieties.
In the Philippines, Reyes (1929) used plants about 3 
months old, grown in pots under controlled conditions 
which were inoculated just above the level of the irrigation 
water by placing bits of mycela or sclerotia from pure cul­
ture on or between leaf sheaths, which had been sterilized 
and rinsed with distilled water. The check plants were 
left untreated. Plants were grown in an insect-proof 
metalic-cloth enclosure. No extra moisture was supplied. 
Infection was also produced by planting healthy seedlings 
in soil taken from stem rot infected fields, control plants 
were grown in autoclaved soils. Percent of infection was 
used to evaluate the response of the varieties.
In Punjab, Paracer (1944) infected soil with the stem 
rot fungus by adding disease rice stubble or pure culture 
of the fungus to the upper 3-4 inches of the soil. Inoculum 
was prepared by growing the fungus on husked rice and
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oatmeal agar (Oatmeal 50 grm., agar-agar 20 grm., made 
up to one liter in distilled water) at 25°C for three 
days. The seeds used were disinfected with a 0.1 percent 
solution of mercuric chloride for 15 minutes. Percent of 
infection was used to rate the varieties.
In Japan, according to Kawamura (1941) artificial 
inoculation was used to induce stem rot infection in the 
field. When spreading the inoculum on the water surface, 
most of the inoculum adhered to the stem due to the sur­
face tension of the water. Ten c.c. of inoculum (sclerotia) 
was found to be enough for 200 plants with a plot area of 
about 5.5 m^. Each c.c. of the inoculum contained about 
60,000 sclerotia. Water level was kept constant for the 
rest of the growing season and infection developed at the 
water line. Inoculum was prepared by transferring mycelia 
from a stem rot isolate to the straw media and then in­
cubating at 30°C for 3-4 weeks. Sclerotia formed through­
out the media. Rice straw from the flask was taken and 
squeezed by hand to remove excess water and the straw was 
spread on pieces of paper to dry in the sun. Sclerotia 
were collected from the dryed inoculum, using a series of 
sieves 0.5 mm. and .25 mm.
In Punjab, according to Paracer and Luthra (1943) 
stem rot infection could be introduced by using infected 
soil, diseased rice stubble, or a pure culture of the 
fungus. The infected rice stubble and the pure culture
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of the fungus were mixed thoroughly in the upper three- 
inches of soil. The percent of infection was calculated 
by counting the total number of plants that showed stem 
rot symptoms plus the number of plants that showed drying 
of leaves at the base of the plant over the total plants 
in the study.
In India, according to Hathur et al., (1963) the 
degree of stem rot resistance was determined by using 
sufficient quantity of three week old inoculum of 
Sclerotium oryzae added at the base of the stem. Subse­
quently the inoculum was added twice at 2 week intervals. 
The crop was irrigated three times with sewage water and 
in addition given a topdressing of ammonium sulphate twice 
during the growing season to create maximum infection. 
Seedlings of each variety were transplanted to 18 ft. rod 
rows when plants were a month old. The percent of in­
fected plants was recorded at the end of the season, and 
varieties were graded as follows:
Tolerant up to 5% infected
Moderately
Susceptible 5 - 10% infected
Susceptible 10 - 15% infected
Highly Susceptible above 15% infected
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In Tokai-Tinki regions in Japan, studies were carried 
out by Goto and Fukatsu (1954) to confirm the varietal re­
sistance of rice plants to stem rot. For rating the 
severity of the disease, the following symptoms and signs 
were considered at harvest:
(1) percentage of the stem with disease on the leaf 
sheath (D - Sh);
(2) percentage of the stem producing sclerotia on 
the leaf sheath (S - Sh);
(3) percentage of diseased stem (Culm) (D - ST);
(4) percentage of the stem producing sclerotia 
there (S - ST).
Varietal difference was almost discernible in regard 
to D-Sh, while S-SH was somewhat prevalent, and D-St and 
S-St were markedly prevalent, though sclerotia were pro­
duced on only about half of the varieties.
Krause and Webster (1972a) reported that Nonaka and 
Yoshii (1956) wounded the plant prior to inoculation by 
puncturing each tiller with a blunt needle at the water 
line. A quick method for testing varietal resistance to 
stem rot disease was adapted by The International Rice 
Research Institute using an artificial inoculation of 
wounded stems in the laboratory. Ten elongated lower in­
ternodes, with nodes at each end, were cut from each 
variety at the time of flowering. The leaf sheaths were 
removed and the internodes wounded by needle punctures.
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A small piece of the fungus culture on agar medium was 
placed on the wounds and held In position by scotch tape. 
The cut stems were covered by a plastic bag, placed over 
a pan of shallow water to keep humidity high and were 
held in a plant growth chamber at 28°C. Readings were 
made 10 days after inoculation. In resistant varieties 
small lesions (discolorations) appeared around the wounds, 
whereas in susceptible varieties the entire internodes 
rotted and numberous sclerotia formed inside. Intermediate 
varieties produced various lengths of lesions, indicating 
different degrees of resistance. A scale of 10 units has 
been suggested by International Rice Research Institute 
(IRRI, 1965, 1966).
Scale Length of Lesion
0 No lesion developed
1 Lesion less than 10 mm long
2 Lesion less than 20 mm long
3 Lesion less than 30 mm long
4 Lesion less than 40 mm long
5 Lesion less than 50 mm long
6 Lesion less than 60 mm long
7 Lesion less than 70 mm long
8 Lesion less than 80 mm long
9 Lesion less than 80 mm long
and stems become flabby
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Kang et al., (1970a) evaluated the resistance to 
stem rot of new promising varieties at the Regional Rice 
Research Station, Kapurthala, by using an inoculum of 
chopped stubble and rice straw containing stem rot sclerotia, 
to which he added sclerotia produced artificially in the 
laboratory. The inoculum was uniformly spread in the ex­
perimental plots at the time of puddling. The evaluation 
of the degree of resistance and the classification of the 
varieties were done on the basis of the percentage of 
tillers affected with the disease. Tne plants from each 
replicate were picked at random 95-115 days after trans­
planting and the total number of tillers were counted.
The number of tillers showing black lesions on the sheath 
and rotting stems carrying sclerotia were recorded, and 
the percent of diseased tillers calculated. Varieties 
were scored according to the following scale:
Scale Percentage of Degree of resistance Code
No. tillers affected
1 0 - 5 Highly resistant (HR)
2 5.1 - 10 Resistant (R)
3 10.1 - 15 Moderately resistant (MR)
4 15.1 - 20 Moderately susceptible (MS)
5 20.1 - 40 Susceptible (S)
6 40.1 and above Highly susceptible (HS)
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Misra and Mohammad (1964) tested the pathogenicity of 
the fungus and studied the reactions of the paddy varieties 
in Bihar at different stages of plant growth. The inoculum 
was prepared by gorwing the fungus on sterilized sol1-oats 
or soil-maize medium (soil 95 g. crushed oats or maize 
5 g.). Soil inoculation was done by mixing the inoculum 
in the upper layer of steam-sterilized soil seven days 
before sowing the seed or transplanting the seedlings. At 
the tillering stage, the inoculum was placed in the soil 
around the base of the stem. The number of plants infected 
at each stage was recorded, percentage of plants infected 
was not calculated as the plants were few in number.
In Punjab, Srivastava et̂  aJL. , (1971) determined varie­
tal resistance of rice to stem rot. Infection was intro­
duced in to the field by distributing finely chopped stubble 
carrying sclerotia, as well as laboratory produced sclerotia. 
Inoculation was done at the puddling stage and again 45 days 
after transplanting. Water was kept in the field through­
out the growth period. The varieties were classified for 
resistance on the basis of the percentage of tillers 
affected. Fifteen plants in each replicate were picked 
at random at maturity and examined for disease incidence.
The varieties were graded into different susceptibility 
groups according to the same scale used by Kang et al., 
(1970a).
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Srivastava and Ahuja (1973) in India used the cut- 
stem method adapted by IRRI in 1965 to determine stem rot 
resistance in rice varieties. Three categories were used: 
susceptible when the whole internode rotted, intermediate 
when lesions extended in both directions from the point of 
inoculation but the whole internode was not rotted and 
resistant when no lesion developed.
In the United States, in testing for resistance to 
stem rot by using artificial inoculation, Tullis (1933) 
introducted stem rot disease to the plant by placing 
sclerotia in contact with the plants at the water line 
without wounding. Cralley (1936b) conducted a preliminary 
varietal resistance test in the greenhouse and more ex­
tensive tests in the field. In the greenhouse, fifteen 
varieties were grown in stem rot infected soil in stone­
ware jars of 3 gallon capacity. The data on the severity 
of infection were divided into four groups - healthy plants, 
and plants mildly, moderately and severely infected. He 
also conducted a field test at the Rice Branch Experiment 
Station, Stuttgart, Arkansas. An experiment area known 
to be infected with stem rot was selected for the test and 
rice stubble containing large amounts of sclerotia were 
scattered over the plot prior to irrigation. One hundred 
single mature plants were collected at random from each 




(2) plants with only diseased sheaths
(3) plants with culms diseased
(a) mildly, that Is, culms showing the 
presence of mycelial mats and the beginning 
of necrotic lesions.
(b) moderately, that is, culms prossessing 
definite necrotic lesions accompained by 
a considerable rotting of the tissues.
(c) severely, that is, culms lodged due to the 
complete collapse of the diseased tissues.
Disease index number was obtained by adding the products of:
(1) the number of plants with only diseased sheaths-XI,
(2) the number of plants with mildly diseased culm-X2,
(3) the number of plants with moderately diseased
culms-X3, and
(4) the number of plants with severely diseased
culms-X4.
The number obtained in this manner was directly proportional 
to the severity of the disease, Lindberg (1970) scored 
varieties for their reaction to stem rot according to the 
amount of leaf kill and severity of nodal infections and 
lodging.
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Krause and Webster (1973) used pure sclerotia to 
inoculate the plants by spreading 200 viable sclerotia per 
plant, or by spreading a certain weight of sclerotia on 
the surface of each pot. Rating for the disease infection 
was done by using a disease index which is a modification 
of Cralley*s 1936 system of disease measurement. Five 
categories were used based on the amount of disease as 
follows:
(1) healthy - no symptoms,
(2) lightly infected with symptom and sclerotia on 
the outer leaf sheath only,
(3) mildly infected with discoloration and sclerotia 
in the inner leaf sheaths, culm green and 
healthy,
(4) moderately infected, slight to mild discolora­
tion of the culm, interior of the culm healthy, 
and
(5) severely infected, culms infected internally, 
either collapsed or not.
Each category was weighted and the disease index (DI)
calculated as follows:
1 (H11) + 2 (Ln) + 3 (Mn) + 4 (M*n) + 5 (Sn)JJ1 *=* ______----- - --------------------------------------------------
Total number of tillers examined
Superscript n indicates the number of tillers in each 
category. Reading was taken when plants were mature, grain 
was translucent and clear, or grain contained approximately 
20% moisture. Keim and Webster (1974b) modified the rating
system which was used in 1973. Index rating method are 
as follows:
Healthy (H) - no visible symptoms
Light (L) - infection on leaf sheath only
Medium (M) - infection on the outer surface of
the culm
Moderate (MO) - infection symptom penetrating to
the inner surface of the culm, and 
Severe (S) - culm shrived from weakened diseased
tissue, or fungus mycelial growth on 
inner surface of culms sclerotia 
often present.
Saari and Prescott (1975) pointed out that a 0 to 9 scale 
would be used very effectively for foliar disease of wheat, 
the scale revolves around the value 5, which is defined as 
disease development up to the mid-point of the plant, the 
scale has been successfully used in the preliminary identi­
fication of resistance varieties. The simplicity of the 
scale allows individuals to score large populations effec­
tively and rapidly.
Screening and breeding for stem rot resistance.
Studies of varietial resistance to stem rot disease in all 
the rice growing areas of the world indicate that different 
varieties behave differently towards the disease, however, 
no variety was found to be immune to this disease, (Reyes, 
1929; Tullis and Cralley, 1933; Cralley, 1938; Anonymous,
1950). According to Tullis and Cralley (1933), based on
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their studies of varietal resistance to stem rot in 
Arkansas during the period 1930 to 1932, all the important 
commercial varieties grown in the southern states were 
susceptible to the disease. Therefore, since varieties 
differed in their susceptibility to stem rot and since the 
resistant varieties were not grown extensively in Arkansas, 
cooperative breeding work with the USDA was initiated to 
develop resistant varieties by hybridization and selection 
(Cralley, 1938). Some promising selections were obtained 
from the crosses Edith x Fortuna, Aikoku x Edith, Kameji x 
Blue Rose and Improved Blue Rose x Fortuna. Adair and 
Cralley (1950) reported that no variety is highly resis­
tant to stem rot. However, some varieties do not lodge 
as badly as others.
Resistance to stem rot has been found by many re­
searchers to be very much related to the plant type and 
growth habit. As early as 1929, Reyes (1929) stated that 
in general late maturing varieties were more resistant 
that the early maturing varieties. Goto and Fukatsu (1954) 
confirmed Reyes conclusion, but Cralley (1936b) reported 
that in general early maturing varieties were more re­
sistant than the late maturing varieties. Yoshio (1951) 
reported that the severity of infection seemed to be some­
what related with early maturity. Misra and Mohammed (1964) 
studies the varietal resistance to 10 paddy varieties at 
different stages of growth. They found that none of the
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varieties proved resistant. Kang et al. (1970) reports 
there was no direct correlation between the reaction of 
the varieties to stem rot disease and their different 
maturation periods. The degree of resistance as reported 
by Cralley (1936b) is a varietal character, only indirectly 
related to time of maturity. Tisdale (1933) found that the 
Japanese (short grain) varieties were less susceptible to 
the disease than were the long grain rice varieties. This 
was confirmed by many researchers (Cralley and Tullis,
1934; Cralley, 1936b; Cralley and Tullis, 1938; Yoshio,
1951). It has been observed that the more susceptible 
varieties have thick stems, but it was not certain that 
thickness has much or any relation to resistance or sus­
ceptibility of the varieties (Anonymous, 1950). According 
to IRRI (1966), more varieties possess considerable re­
sistance to Helminthosporium sigmodium var. irregulare than 
to Sclerotia oryzae. A number of varieties showed more 
resistance to one of the fungi than to the other. However, 
since the two organism often occurred together in the 
field, resistance was evaluated for the one to which the 
variety was more susceptible. Testing of resistance to 
stem rot disease in United States started as early as 1930 
when Tullis and Cralley (1933) studied the varietal re­
sistance to stem rot in Arkansas under field conditions. 
They reported that all the important varieties grown in 
the southern states including Supreme Blue Rose, Early
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Prolific, Fortuna, Rexoro, Honduras, Edith, Storm Proof, 
Early Blue Rose and Lady Wright, were susceptible, whereas 
Aikoka, Kameji, Colusa, Bozu and Spain Jap were somewhat 
resistant. Cralley (1936a) made selections from Colusa x 
Lady Wright, KameJ i x Blue Rose, Caloro x Blue Rose,
Delitus x Caloro, Kameji x Blue Rose and Edith x Blue Rose.
Cralley (1936b) tested 125 varieties for 4 years and 
found the more resistant varieties were: Bozu, Onsen,
Akage, Spain Jap, Mubo Aikaku 22, Nakata Shinriki, Iyo 
Benkei, Aikoku, Mubo Aikoku, Mizuno Nishiki, Colusa, Butte, 
Asahi Mochi, Kameji and Fukui Shioda and Early Prolific. 
Early Blue Rose, Storm Proof and Nira are very susceptible. 
Cralley (1938) in cooperation with the USDA showed that the 
most promising selections from the standpoint of resistance 
to stem rot were obtained from the crosses Edith x Fortuna, 
Aikoku x Edith, Kameji x Blue Rose, and improved Blue Rose 
x Fortuna. Cralley and Adair (1949) reported that stem 
rot was especially serious on certain long-grained varieties 
such as Fortuna, Nira and Bluebonnet. Adair and Cralley 
(1950) reported that no varieties were highly resistant 
to stem rot. However, Asahi, Kamrose and Arkrose do not 
lodge as badly as Bluebonnet, Nira 43 and Arkansas Fortuna.
In Arkansas, it was reported that Zenith is considered 
somewhat resistant and a selection obtained from C. I 4440 
x Edith - Fortuna was resistant. Adair and Cralley 
(1948) reported that Caloro, Ashahi, Zenith, Arkrose,
Magnolia, Supreme Blue Rose, Kamrose, Blue Rose 41, Lady 
Wright and Hill Long Grain were moderately resistant varie­
ties. Cody, Prelude, Rexark, and Bluebonnet were suscep­
tible varieties and Early Prolific, Arkansas Fortuna and 
Nira 43 were very susceptible (Anonymous, 1950).
Adair (1958) presented a table showing the reaction 
of different varieties to stem rot disease. Asahi, Caloro, 
Arkrose, and Magnolia were moderately resistant varieties. 
Zenith and Toro were moderately susceptible. Nato, Lacrosse, 
Bluebonnet 50 and C. P. 231 were susceptible and Rexoro was 
very susceptible. Lindberg (1970) found that Bluebonnet,
Nova 66 and Lacrosse were resistant. Saturn, Belle Patna, 
and Bluebelle were most susceptible and Nato and Dawn 
showed intermediate reactions.
Webster et al. (1972) reported that Earlirose was 
susceptible. Calrose, CSm-3 and Kokuno Rose were moderately 
susceptible and Colusa was least susceptible.
In the Philippines, Reyes (1929) reported that under 
pampanga conditions, Macan Binan, Ramai and Eloclon have 
proved to be most promising varieties. Paracer (1944) 
studied the relative resistance of 19 varieties of the 
Punjab rice. The results showed that Basmati 370, Basmati 3 
Mushkan 7, Mushkan 41 and Bara 62 were the most resistant. 
Sonkesar 225, Sonpattar 41, and Sathra 278 were intermediate 
IRRI in 1965 screened about 600 varieties for resistance 
to the two organisms (H. sigmoldeum and H. sigmoideum var.
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irregulare), by using cut stem wound inoculation. It was 
found that the varieties were intermediate in their reaction 
(IRRI, 1965). In Punjab, Kang et iQ., (1970a) studied the 
reaction of new promising paddy varieties to stem rot for 
three years. They found that out of 41 varieties, four 
were highly resistant; four resistant; six moderately re­
sistant; six moderately susceptible; thirteen susceptible 
and eight highly susceptible.
In India, Srivastava et̂  al., (1971) tested 44 varieties 
of rice fox' their resistance to stem rot, they found that 
7 were highly resistant, 12 resistant, 5 moderately resis­
tant, 2 moderately susceptible, 4 susceptible and 14 highly 
susceptible. Srivastava and Ahuja (1973) used the cut stem 
inoculation to test the relative resistance to stem rot of 
33 varieties resistant to blast, six to bacterial leaf 
blight and four to Tungro (a virus disease). Out of the 33 
blast resistant varieties 13 were found resistant, 10 sus­
ceptible, and 6 were intermediate in their reaction to stem 
rot. All the varieties resistant to bacterial leaf blight 
showed resistance to stem rot except one was intermediate. 
Two tungro resistant varieties were resistant to stem rot 
and one was intermediate. Srivastava et £1. , (1974) found 
that among 26 varieties of rice, IRRI - 2, IRRI - 6,
IRRI - 25 and IRRI - 34 were highly resistant to stem rot.
There is no evidence so far about any inheritance 
study of stem rot resistance, however, Reyes (1929) pointed 
out that Raminad Str. 3, which was derived from hybridiza­
tion between resistant Ramay and highly susceptible Inadhica 
was resistant to the stem rot, suggesting that resistance 
may be dominantly inherited. Yoshio (1951) studied the 
resistance of rice varieties to the irregulare stem rot.
He found the inherent varietal resistance was not stable 
and was very much affected by the environment. Therefore, 
he concluded that breeding for resistance to this disease 
would be difficult.
MATERIALS AND METHODS
Evaluation of Varieties and Lines 
for Resistance to Stem Rot
Field nurseries - In 1973 and 1974, field nurseries 
were planted to evaluate varieties and pure line selections 
for their resistance or susceptibility to stem rot caused 
by Sclerotium oryzae. The nurseries were located on the 
Louisiana State University Rice Experiment Station at 
Crowley, Louisiana. The soil on the rice station is 
classified as a Crowley silt loam. All irrigation water 
used at the station is obtained from wells located on the 
station. The seeds for these nurseries were obtained from 
USDA rice breeders from Arkansas, Louisiana, and Texas.
The 1973 nursery consisted of 1150 entries which in­
cluded 980 different varieties and lines. The remaining 
varieties were check varieties and other duplications. The 
1973 nursery was planted on two dates with two replications 
in each planting. In the first planting, entry numbers 1 
through 1049 were included and the nursery was planted on 
May 24, 1973. The second planting on June 13, 1973 in­
cluded entry numbers 501 through 1150. Approximately 5 
grams of seed of each entry were drill-seeded with a push 
type hand drop planter in single row plots 1.5 m long, 
spaced 25.4 cm apart.
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The 1974 nursery consisted of 912 entries which In­
cluded 806 different varieties and lines. The 1974 nursery 
was planted on April 27 and June 6, 1974 with one replica­
tion of each entry per planting. Approximately 5 grams of 
seed of each entry were drill-seeded with a push type hand 
drop planter in double row plots 1.5 m long, with 12 cm 
spacing between the rows and 25 cm between the double row 
plots.
The plots in both the 1973 and 1974 nurseries were 
flush irrigated soon after each planting was completed and 
when necessary during the next three weeks to keep the 
plants growing and vigorous. About three weeks after plant­
ing and immediately prior to the application of the per­
manent flood the plots were fertilized at a rate of 112-56- 
56 kg/ha (N, P2®5* ^ O ) . Prior to flooding propanil was 
applied at a rate of 4 kg/ha to control weeds. The plots 
were then flooded and a permanent flood of 10 to 15 cm was 
maintained throughout the remainder of the growing season.
The nurseries were inoculated 40 to 45 days after plant­
ing with the stem rot fungus. The inoculum was prepared by 
culturing S. oryzae isolate LR 7172 on autoclaved rice grain 
and rice hull medium. The isolate of S. oryzae numbered 
LR 7172 was isolated from a stem rot infected rice culm. 
Isolates of S. oryzae were obtained from leaf sheaths and 
stems collected, during the summers of 1971 and 1972 from 
various rice fields in Louisiana, by Dr. M. C. Rush, of
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the Department of Plant Pathology, Louisiana State Univer­
sity. Isolates of £L oryzae were obtained from 1-2 cm 
sections of infected leaf sheaths or culms which were 
soaked in a 10% solution of household bleach (5.25% sodium 
hypochlorite) for 5 minutes, rinsed in sterile water and fur­
ther cut into 5 mm pieces with a pair of sterile scissors.
The 5 mm tissue sections were placed on water agar plates and 
incubated at 28 C for 2-3 days. Mycelia growing out of 
the tissue sections in water agar culture were transferred 
to PDA (potato dextrose agar) plates which were incubated 
at 28 C for 5-7 days. The pure isolates obtained on PDA 
were transferred onto moist autoclaved 2:1 mixture of rice 
grain and rice hulls in test tubes and incubated for 7-10 
days until large amounts of sclerotia were produced in the 
test tubes. The isolates were then placed under refrigera­
tion and kept for future use. All stock cultures*of the 
fungus were maintained on rice grain-rice hull medium. 
Pathogenicity tests among ten isolates indicated isolate 
LR 7172 produced the most severe symptoms of the isolates 
tested.
Inoculum for field and greenhouse inoculation was 
prepared by culturing S. oryzae, isolate LR 7172, on a 
mixture of rice grain and rice hulls which were mixed 1 
part rice grain to 2 parts rice hulls by volume and then 
placed in 1-liter or larger flasks, filling the flasks about 
two thirds full with the mixture. Water was then added to
the flasks in a ratio of 1 part water to 2 parts grain- 
hull mixture on a volume basis. The flasks were plugged 
with cotton for autoclaving and the mouth of the flasks 
were wrapped with aluminum foil to minimize possible con­
tamination later. The flasks and grain-hull medium were 
autoclaved for at least 35 minutes at 120 C and 18 psi.
The autoclaved flasks were allowed to cool for several 
hours before they were inoculated with a small amount of 
the grain - hull - fungus mixture from the stock culture of 
S. oryzae isolate LR 7172 or with plugs from a 5-day old 
PDA culture produced from the stock culture. Immediately 
after the rice grain-rice hull medium in the flasks was 
inoculated, the flasks were shaken to increase the amount 
of contact between the inoculum and the medium and to make 
the medium less compact to hasten the growth and spread of 
the fungus. Inoculated flasks were incubated at room tem­
perature for 14 to 21 days until sclerotia formed through­
out the medium. After incubation the grain-hull- fungus 
mixture was emptied from the flasks and spread in a 5 cm 
layer on butcher paper and allowed to dry. The dry grain - 
hull- fungus inoculum was then placed in plastic bags and 
carried to the field for inoculating the nursery. Inocula­
tion of the field nurseries was accomplished by distribut­
ing the grain - hull - fungus inoculum in between and over 
each row at the rate of 25 ml of inoculum per row. The 
sclerotia and grain-hull mixture floated on the surface of
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the water and were held against the tillers at the water 
line by surface tension at the water-plant interface. Two 
to three weeks after inoculation most of the varieties 
showed visible symptoms of stem rot infection (small black 
lesions at the waterline).
Approximately 35 days after heading, when the grain was 
usually ready for harvest,the plots in the nursery were 
rated for stem rot infection. The evaluation of the plots 
for severity of stem rot infection was accomplished as fol­
lows: All tillers, from a 60 cm section from the center of
each plot, were cut as near the ground as possible. The 
panicles were removed from this plot sample and the tillers 
were tied in a bundle and tagged for identification. The 
bundle of tillers was then removed from the field to a con­
venient location and 20 tillers were randomly selected from 
the plot sample and each of the 20 tillers was evaluated
for severity of stem rot infection and placed in one of five 
categories as follows:
H = healthy tillers - no visible symptoms.
L = lightly infected - symptoms and sclerotia on the 
outer leaf sheaths only.
M = mildly infected - discoloration and sclerotia on 
the inner leaf sheaths with discoloration of the 
outer surface of the culm.
M* = moderately infected - discoloration to the inner
surface of the culm, or infection pads or infected 
nodes present.
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S = severely Infected - culms infected internally, 
mycelial growth or sclerotia often present on 
interior of culm which may be collapsed.
Each category was weighted and a disease index (DI) calculat­
ed for each plot using the following formula:
1 (Hn) + 2(Ln) + 3 (Mn) + 4(ll*n) + 5<Sn)DI = --------------------------------------------------
N
where: N = the total number of tillers examined,
n = number of tillers in each category.
The stem rot infection categories listed above are a 
modification of the categories described by Krause and 
Webster (1973). Nursery entries which received a DI of 2.0 
or less were considered resistant,2.1 to 3.0 moderately 
resistant, 3.1 to 4.0 susceptible, and 4.1 to 5.0 very 
susceptible to stem rot.
Varietal screening under greenhouse conditions - All 
greenhouse experiments were conducted in the Agronomy De­
partment greenhouse at Louisiana State University, Baton 
Rouge, Louisiana. The greenhouse contained concrete benches 
580 cm long, 114 cm wide and 20 cm deep. For these experi­
ments the bottoms of the benches were lined with roofing 
felt and the benches were covered with two layers of 4 mil, 
plastic sheeting, to make the benches water-tight. New 
plastic sheeting was used at the beginning of each experi­
ment to ensure disease free conditions.
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Greenhouse temperatures varied from a maximum of 41 C 
to a minimum of 17 C and averaged 29 C. An automatic gas 
fired furnace was used to maintain the minimum temperature 
and the glass roof of the greenhouse was sprayed with white­
wash as necessary to maintain the maximum temperature below 
38 C. Supplemental lighting, with cool white flourescent 
bulbs, was used for a 13 hour duration each day for all green­
house experiments.
The same soil mixture was used for all greenhouse 
experiments. This soil mixture consisted of 2 parts steam- 
sterilized Olivier silt loam, 1 part washed sand, and 1 part 
peat moss by volume. The soil was steam sterilized at about 
120 C and 15 psi for 5-6 hours. The Louisiana State Univ­
ersity Soils Laboratory analyzed a sample of the Olivier 
silt loam soil used in the soil mixture and reported the 
following: extractable phosphorus (P), 43 ppm; extractable
potassium (K), 88 ppm; extractable calcium (Ca) 980 ppm; 
extractable magnisium (Mg), 225 ppm; soil reaction (pH),
5.6; organic matter, 1.87%. Tap water was used in all 
greenhouse experiments. Baton Rouge municipal water has 
a pH of about 8.3, apparently due to the presence of a 
small amount of free sodium ions.
The first tests to evaluate rice varieties and pure 
line selections in the greenhouse for resistance to stem 
rot were conducted during the winter and spring of 1973.
In this experiment, plastic pots 16 cm deep and 15 cm in
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diameter with a volume of 2.7 liters were filled to within 
3 cm of the top with the soil mixture. Each pot contained 
approximately 2.25 kg of the soil mixture of an air dry basis. 
The pots were then placed in the plastic lined benches,
150 pots per bench.
Each bench was set up as a separate test with the 
variety Zenith used as the check or control variety in each 
test. Fifty varieties were planted in each bench in a com­
pletely randomized design with three replicates (pots) per 
variety with two plants per pot. Four seeds of a variety 
were planted per pot which were later thinned to two plants 
per pot. After the seeds were planted in the pots, the 
benches were flooded to a depth of approximately 7 cm or 
to about one half the depth of the soil in the pots.
The first test of 50 varieties was planted in a single 
bench on January 9, 1973. The test included 49 varieties 
from the 1972 regional uniform rice performance test plus 
Zenith as the check or control variety. A second test of 
50 varieties was planted in another bench on January 16,
1973. The test included the remainder of the varieties 
from the 1972 regional uniform rice variety performance 
test plus additional pure line selections obtained from 
Dr. W. 0. Mcllrath, USDA rice breeder.
Thirty-three days after seeding the main tiller from 
one plant in each pot was inoculated with the stem rot 
fungus by injecting 2 ml of a sclerotial suspension into
the tiller about 5 cm above the soiX XeveX using a hypo­
dermic needXe and syringe. The scXerotiaX suspension was 
prepared by pXacing 5 mX of sclerotia, obtained from a 
cuiture of S. oryzae isoXate LR 7X72, in 5000 mX of dis- 
tiXXed water. When this inocuXation was compXeted the 
water XeveX in each bench was increased to a depth of 
approximately 4 cm above the soil XeveX in the pots. One 
week after the injection of the inoculum Xesion deveiopment 
was scored for each inocuXated tiXler as foXXows: 0 =
no Xesion development, 1 = lesion of 1.3 cm or less; 2 => 
lesion of 1.4 - 5.0 cm long; 3 = lesion of 5.1 to 10 cm 
long; 4 = lesion over 7.5 cm long and with spread to other 
tillers; 5 = tiller dead. After the scoring of lesion 
development was completed, additional inoculum was distri­
buted on the water surface around each plant at the rate of 
15 ml of grain - hull - fungus inoculum per pot. The water 
level was maintained as uniformly as possible at 4 cm above 
the soil level for the remainder of the growing period of 
the plants.
Seven weeks after planting, all pots in the tests were 
fertilized at a rate of 0.6 g per pot with 16-8-8 (N, 1*2̂ 5* 
K20) fertilizer. This was calculated to be a rate equi­
valent to 600 kg/ha assuming one million pots of soil was 
equivalent to one hectare. The approximation of 2.25 
million kg of soil in a furrow slice of one hectare was 
used in the calculations. Spider mites when observed to 
be feeding on the plants were controlled by spraying as 
necessary with Kelthane insecticide.
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When the grain on a plant was estimated to have reached 
harvest moisture (grain clear and vitreous) each plant was 
cut off at the soil line and each tiller was rated for stem 
rot infection and placed in one of five categories and a 
disease index calculated for each plant according to the 
categories and formula as previously described.
The results obtained for lesion length were statistically 
analyzed as a completely randomized design to determine if 
varietal differences in lesion development were present 
among the varieties. The disease index data was analyzed 
to determine if differences in stem rot infection in mature 
plants was influenced by wound inoculation and to determine 
if significant differences among varieties for stem rot in­
fection could be detected by the disease index method of 
evaluating stem rot infection.
The second set of tests to evaluate rice varieties in 
the greenhouse for resistance to stem rot were conducted 
during the winter and spring of 1974. In this experiment , 
the 2.7 liter plastic pots were filled to within 3 cm of 
the top with approximately 2.25 kg of soil mixture and 
placed in the plastic lined benches, 150 pots per bench.
The tests in each bench were carried out as independent 
tests with Zenith as the check variety.
The varieties used in the first test in 1974 were 
planted on January 12, and the test in the second bench 
was planted on Feburary 2, 1974. Fifty introduced and
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domestic varieties and pure line selections were entered 
in each test. Zenith was included in each test as the 
check variety. The seeds for each variety were obtained 
from single panicles harvested from varieties in the 1973 
field disease nursery. Three to five seeds were planted 
in each pot and the seedlings were later thinned to two per 
pot. Each test was set up in a completely randomized design 
with three replicates per variety.
Thirty-two days after planting the main tiller of one 
plant in each pot was inoculated by making a small cut, with 
a spear point dissecting needle,in the outer leaf sheaths 
of the tiller and inserting two sclerotia in the cut approx­
imately 4 cm above the soil level. After this inoculation 
was completed,the water level in the benches was raised to 
approximately 4 cm above the soil level and maintained as 
uniformily as possible at this level for the remainder of 
the growing period of the plants. One week after the initial 
inoculation approximately 0.1 g of sclerotia were distri­
buted in the water around the plants in each pot. Each pot 
was fertilized twice with 0.6 of 16-8-8 (N, P20g,KgO) 
fertilizer at 40 and 70 days after planting.
The lengths of the lesions on the wound inoculated 
tillers were measured three weeks after the inoculation.
The heading date of a plant was recorded when the first 
panicle on a plant was completely emerged from the flag 
leaf sheath. When the seeds in the panicle of the main
tiller were at the hard dough stage, approximately 20 days 
after heading, the total number of leaves and the number of 
dead leaves on the main tiller were recorded. The plants 
were then cut at the soil line and each tiller was rated 
for stem rot infection and placed in one of five categories 
based on the level of stem rot infection. A disease index 
was then calculated for each plant.
Statistical analyses were conducted to determine if 
significant differences occurred among varieties for lesion 
development, percent dead leaves and disease index. Cor­
relations were calculated between lesion length and disease 
index and percent dead leaves and disease index.
Comparison of Inoculation and 
Screening Methods
Evaluation of inoculation methods in the greenhouse - 
This experiment was conducted to compare four inoculation 
methods for use in evaluating varietal resistance to stem 
rot. The four inoculation methods tested were as follows:
Method A - Inoculation with mycelial pieces from a 
5-day old culture of the stem rot fungus, isolate LR 7172 
of S. oryzae. The leaf sheaths of the main tillers were 
wounded about 4 cm from the base of the plants with a spear 
point dissecting needle and a 3X3 mm mycelial-PDA piece 
was inserted in the cut.
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Method B - Inoculation by inserting sclerotia into the 
main tiller of a plant. The sclerotia were inserted into 
the leaf sheaths about 4 cm above the base of the plants 
with a hypodermic needle and syringe. Wet sclerotia were 
placed in the tip of the needle before inserting the needle 
into the tiller. The sclerotia were then pushed by sterile 
water into the sheath with a slight pressure on the syringe. 
This method deposited about 6-10 sclerotia into the tiller.
The sclerotia were obtained from a three week old culture of 
S. oryzae isolate LR 7172 grown on a rice grain-hull medium.
Method C - Inoculation by wounding the plants and 
spreading the sclerotia on the water around the plants. The 
main tiller of each plant was wounded by making a cut through 
the leaf sheaths about 4 cm above the base of the plant.
About 500 sclerotia mixed with 3 ml of sterile soil was 
applied per plant. The sclerotia floated on the water sur­
face and adhered to the stem of the plants at the water line. 
To insure a uniform distribution of the inoculum, the 
sclerotia were mixed with fine sieved sterile soil prior to 
distribution.
Method D - Inoculation by spreading sclerotium on the 
water with the plants not wounded. The procedure followed 
in this method was the same as in method C except the plants 
were not wounded.
The six varieties used in this test were Caloro, Gulfrose, 
Nova 66, Saturn, Vista, and Zenith. These varieties were 
selected because they appeared to exhibit some differences
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In resistance to stem rot In previous tests. The seed used 
was obtained from a single panicle of each variety collected 
from the 1973 field disease nursery. The seeds were ger­
minated in a gerrainator in the laboratory and the seedlings 
were transplanted on March 9, 1974 to 350 ml polystrene 
cups, one seedling per cup. The cups had a hole punched 
in the bottom and were filled with the sterilized soil mix­
ture . Twenty cups were used for each variety treatment com­
bination. The cups were arranged in rows in the bench with 
4 cm between the cups within a row and 10 cm between rows.
Due to the nature of the inoculation methods it was necessary 
for the plants used in testing inoculation method A and B 
were grown in a separate tank from plants used for testing 
methods C and D. Except for inoculation methods both tanks 
were treated alike. The individual plants of each variety 
and the inoculation treatments were completely randomized 
within their respective tanks. The water level in the tanks 
was maintained at approximately 3 cm deep until the inocu­
lation treatments were applied. At the time when the plants 
were inoculated,the water level was raised until the water 
was 4 cm above the soil level in the cups. The inoculation 
treatments as previously described were applied on April 11, 
34 days after the seedlings were transplanted to the cups.
The plants were fertilized as necessary to keep the 
plants healthy and vigorous. Two weeks after inoculation 
21 g of 16-8-8 (Nf 1*2̂ 5» ^2^) was applied to each tank
containing 240 cups. Four and six weeks after inoculation 
21 g of ammonium sulfate (21% N) was applied to each tank. 
All fertilizer was applied by disolving the fertilizer in 
solution and sprinkling the fertilizer solution uniformly 
over the plants.
Lesion development was measured on the main tiller 
of each plant 2 and 3 weeks after the inoculation treat­
ments. Data on stem rot infection and disease damage to 
the plants was determined at three growth or maturity stages 
as follows:
Heading - When the panicles were fully emerged from 
more than 50% of the plants of a variety, three plants from 
each variety x inoculation treatment combination were ran­
domly selected and removed from the bench and the following 
data was obtained from each plant. The total number of 
leaves and the number of dead leaves on the main tiller of 
each plant was recorded. The plants were cut off at the 
base and each tiller was evaluated for stem rot infection 
and placed in one of five disease categories as previously 
described and a disease index calculated for each plant.
Hard dough - When more than 50% of the grains in a 
variety were estimated to have reached the hard dough stage, 
14 plants of each variety by inoculation treatment combina­
tion were removed from the bench and live and dead leaves 
and disease index was obtained for each plant as indicated 
above.
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Harvest maturity - When the grains in a variety appear­
ed to have reached harvest moisture (grains vitreous and 
translucent) the remaining three plants in each variety - 
treatment combination were removed from the bench and data 
obtained on live and dead leaves and disease index as de­
scribed above.
In addition to the plants grown in the inoculation 
treatment six plants of each variety was grown under similar 
conditions except they were not inoculated with the stem 
rot fungus. Similar data to that collected from the in­
oculated plants was obtained from the uninoculated plants 
for comparison with the inoculated plants. Two plants of 
each variety were evaluated at heading, hard dough and 
harvest maturity stages.
The data from this experiment were statistically analyz­
ed to determine if significant differences occurred among 
inoculation treatments and among varieties for lesion 
development percent dead leaves and disease index.
Cut Stem Method of Screening for Resistance to Stem 
Rot - The cut stem method for evaluating resistance to stem 
rot was developed by the International Rice Research 
Institute in 1967. The method is based on lesion develop­
ment on detached culms which have been wounded and ino­
culated with stem rot mycelia.
This experiment was conducted to compare the cut stem 
method of evaluating stem rot resistance with the disease 
index method. For this study, 15 varieties were selected
to provide a range of varieties from stem rot resistant 
to varieties highly susceptible to stem rot. Seeds of 
these varieties were obtained from the 1974 field disease 
nursery. The seeds were planted in January 23, 1975 in 
2.7 liter plastic pots containing 2.25 kg of soil mix. 
Seedlings were thinned to two plants per pot. The plants 
were grown in the greenhouse under flooded conditions and 
maintained free of the stem rot disease. The plants were 
fertilized twice, as seemed necessary to keep the plants 
growing and healthy, with 0.6 g per pot of 16-8-8 (N, P2°5 » 
K2° ) .
When each variety reached the flowering stage, ten 
elongated lower internodes were cut from each variety in a 
manner that allowed the nodes to remain at each end. The 
stems were taken to the laboratory, the leaf sheaths re­
moved and the internodes of the culms were wounded with 
needle punctures. A small piece of stem rot fungus, from 
a 5 day old culture of S. oryzae isolate number LR 7172 ., 
grown on agar medium was placed on the wounds and held in 
place with scotch clear magic tape. The stem sections of 
each variety were then placed in a plastic bag, which was 
punctured with small holes, and was then placed over a pan 
of water to maintain a humid condition around the stems.
The pan and stem sections were placed in a plant growth 
chamber and maintained there for 10 days at 28 C. Ten days 
after the stems were inoculated, the length of the lesion 
on each stem was measured.
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The lesion length data were analyzed to determine if 
significant variety differences occurred for lesion develop­
ment on the stems. The correlation between lesion length 
and the disease index of the same varieties was also cal­
culated .
Field inoculation procedures - The first portion of 
this experiment was conducted to determine the suitable 
amount of inoculum in terms of number of sclerotia to 
apply under field conditions to get the maximum expression 
of stem rot symptoms. The experiment was conducted using 
a completely randomized design with six replicates. The 
variety Saturn was drill-seeded at 135 kg/ha on May 3,
1974 in rows spaced 18 cm apart. One week after germina­
tion, aluminium rings used to delineate the plots were 
installed. The aluminium rings were 40 cm high and were
buried 5 cm into the soil. The aluminium rings were one
ometer apart and each enclosed an area of 0.5 m with 
approximately 234 seedlings. Fertilizer at the rate of 
448 kg/ha of 13-13-13 (N, P205 , K20) and 112 kg/ha 
ammonium sulfate (21% N) was applied before introducing 
the permanent flood. Weeds were controlled with propanil 
at 4 kg/ha sprayed about 3 weeks after seeding or before 
the application of fertilizer. Water was kept on the plots 
at a depth of 15 cm throughout the growing period.
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The treatments or different concentration of inoculum 
were as follows:
(1) 0 sclerotia per plant
(2 ) 25 sclerotia per plant
(3) 50 sclerotia per plant
(4) 100 sclerotia per plant
(5) 500 sclerotia per plant
(6 ) 1000 sclerotia per plant
(7) 5000 sclerotia per plant
All treatments were applied when the plants were at the 
mid-tillering stage of growth or 45 days after seeding. 
Inoculation was accomplished by distributing the measured 
amounts of sclerotia of S. oryzae, isolate LR 7172, on the 
water surface between the rows of plants inside the alumin­
ium rings. The sclerotia floated on the water surface and 
adhered to the stems of the plants. At the hard dough stage 
a sample of 10 tillers was taken from each plot and each 
tiller examined for stem rot infection. A DI was calculated 
for each plot based on the reading obtained from the tiller 
sample. The panicles were saved for later yield determina­
tion .
When the grains was fully mature, all the panicles 
from each plot were harvested, and placed in paper bags. 
After harvesting the panicles, stems were cut from a thirty 
cm section from the middle two rows of each plot. From the 
cut tillers, a sample of 20 tillers was randomly selected
for disease evaluation. Each of the 20 tillers was examined 
for the degree of infection and the DI was calculated for 
each plot. The panicles from each plot were weighed after 
they were air-dryed in the greenhouse for three weeks. The 
moisture of grain after three weeks of air-drying was about 
10%.
Analyses of variance for yield and disease index were 
conducted.
The second portion of this experiment was conducted to 
determine the critical stage of growth of plants at which 
the inoculum can be applied for maximum expression of the 
disease symptoms under field conditions. The experiment 
was conducted using a completely randomized design with 
six replicates per treatment. This experiment was planted 
at the same time and in the same manner as in the previous 
experiment involving inoculation with varying amounts of 
sclerotia. The plots were also of the same size and were 
also enclosed in aluminium rings made out of aluminium 
sheets. The treatments used in this experiment were as 
follows:
(1) No inoculation (check).
(2) Inoculated at seedling stage: 20 days after
seeding.
(3) Inoculated at early tillering stage: 30 days
after seeding.
(4) Inoculated at late tillering stage: 52 days
after seeding.
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(5) Inoculated at middle booting stage: 77 days 
after seeding.
(6 ) Inoculated at late booting stage: 92 days
after seeding.
(7) Inoculated at heading stage: 97 days after 
seeding or when about 50% of the plant headed.
Inoculation with S. oryzae isolate LR 7172 was done at each 
stage using 500 sclerotia per plant. The inoculum was 
distributed uniformly on the water surface in each plot 
enclosed within an aluminium ring.
At the hard dough stage of growth , samples were taken by 
randomly cutting 10 tillers from each plot and evaluating 
each tiller for infection. The panicles were saved and 
stored in paper bags for later yield determination. At 
maturity, when the grains were translucent and clear, all 
the panicles from each plot were harvested, keeping the 
panicles from each plot separate. After harvesting the 
panicles a thirty cm section was cut from the middle row 
of each plot. Prom the cut tillers, 20 tillers were ran­
domly selected and each tiller was evaluated for degree of 
infection. The DI was calculated for each plot based on 
the readings obtained from 20 tillers. Harvested panicles 
were air-dried for 3 weeks before weighing. The moisture 
was about 10% after three weeks of air-drying. Analysis 
of variance for DI and yield were conducted.
Plant to Plant Variation for Disease Index Under Field
Conditions - This study was conducted to obtain an in­
dication of the amount of plant to plant variation for 
stem rot infection that occurs in a field test to evaluate 
rice plants for resistance to stem rot. Six varieties were 
planted in the same plot area as the first planting of the 
1974 stem rot field nursery. The plants were planted 8 cm 
apart in double row plots with 15 cm between the rows and 
30 cm between the double row plots. The seeds for each 
variety were obtained from a single panicle. The time of 
planting, cultural practices, and inoculation methods were 
the same as those used for the first planting of the 1974 
stem rot nursery as discussed previously.
A disease index was calculated for individual plants 
of each variety at three stages of maturity as follows: 
Heading, when 50% of the panicles were fully emerged from 
the flag leaf sheaths; Hard dough, when more than 50% of 
the grains were at or past the hard dough stage; Harvest 
maturity, when the grain is vitreous and translucent 
(approximately 20% moisture).
The coefficient of variation was calculated for the 
disease index of the plants of each variety for each stage 
evaluated.
The Relationship of Yield to the Level of Stem Rot
Infection as Measured by the Disease Index itethod
This experiment was conducted to determine the relation­
ship between stem rot infection as measured by the disease 
index method and the yield reduction caused by stem rot.
In addition,the relationship of stem rot infection to number 
of green leaves at the hard dough stage, and to the reduc­
tion in number of green leaves, number of panicles and 
weight of straw due to stem rot was also studied.
Thirty varieties were selected to include a wide range 
of resistant and susceptible varieties and to include as 
much variation for varietal resistance to stem rot as poss­
ible. Seeds of these varieties were harvested from the 1974 
disease nursery and seeds from a single panicle of each 
variety was used.
The seeds were planted on January 23, 1975 in 2.7 
liter plastic pots containing 2.25 kg of soil mix (2 parts 
steam sterilized Olivier silt loam soil, 1 part sand, and 
1 part peat moss by volume). Four seeds were planted to 
each pot and the seedlings were thinned to two per pot 
7-10 days after planting. Each variety was planted in 
five pots in each of two benches. Each bench was plastic 
lined and contained five pots each of the 30 varieties.
The pots in each bench were arranged in a completely ran­
domized design with each bench randomized independently.
At approximately the mid-tillering stage for most 
varieties, 38 days after planting, the water level in the 
benches was increased to about 5 cm above the soil level in
61
the pots and was maintained at this level for the remainder 
of the experiment. All plants in one bench were inoculated 
with stem rot sclerotia, twice, 38 and 52 days after plant­
ing. The plants were inoculated on the first date at a 
rate of 500 sclerotia per plant and on the second date at 
a rate of 300 sclerotia per plant. Prior to the inocula­
tion the sclerotia were mixed with fine sieved sterile soil 
at a rate of 100 sclerotia per milliliter of soil. The 
sclerotia were mixed with the soil to aid in measuring out 
a uniform amount of sclerotia, since each milliliter of pure 
sclerotia contains approximately 60,000 sclerotia. For the 
inoculation the sclerotia-soil inoculum was uniformily dis­
tributed over the water around the plants. The sclerotia 
floated on the water and adhered to the leaf sheaths of 
the plants. The sclerotia were obtained from a three week 
old culture of S. oryzae isolate number LR 7172, grown on 
rice grain-rice hull medium.
Both benches in this experiment were treated as uni­
formily as possible with the exception that the plants in 
one bench were infected with stem rot while the plants in 
the other bench remained free of the stem rot disease. The 
plants were sprayed with Kelthane as needed to control 
spider mites and on April 25 the plants were sprayed with 
Cygon 2E to prevent damage from stem borers and to aid in 
control of aphids and spider mites. The plants were ferti­
lized twice at a rate of 0.6 g per pot of 16-8-8 (N, P2O5 , 
K20 ) 56 and 81 days after planting. The greenhouse
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temperature averaged approximately 29 C during the course 
of the experiment. Supplemental lighting with cool white 
flourescent bulbs was used for 13 hours each day from 
6 AM to 7 PM, CST.
The heading date of each plant was recorded when the 
first panicle of a plant was fully emerged from the flag 
leaf sheath. When essentially all grains on a variety had 
reached the hard dough stage,the number of green leaves on 
the main tiller of each plant and the number of panicles 
per plant were counted and recorded. The plants were then 
cut at the base of the plant and each tiller was evaluated 
for stem rot infection and placed in one of five categories 
based on the degree of stem rot infection. A disease index 
was calculated for each plant using the formula described 
earlier. The panicles of each plant were uniforraily cut 
off just below the bottom node of the panicle and placed 
in a paper envelope and allowed to air dry. After all plants 
were harvested and the panicles were dry, the panicles 
were allowed to equilibrate in an air conditioned room 
for two weeks and were then weighed to determine the yield 
on a panicle basis of each plant. The vegetative or straw 
portion of all plants of 15 of the 30 varieties was placed 
in paper sacks and allowed to dry and the weight of the 
straw of each of these plants was determined.
Statistical analyses were conducted to determine if 
significant differences occurred among varieties for disease
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index, percent yield reduction due to stem rot infection, 
number of green leaves, percent reduction in green leaves 
due to stem rot infection, percent reduction in number of 
panicles due to stem rot infection and percent reduction in 
straw weight due to stem rot. Also correlation coefficients 
(r) were calculated in all combinations for the types of 
data listed above.
RESULTS AND DISCUSSION
Evaluation of Varieties and Lines 
£°r Resistance to Stem Rot
Field nurseries - During summer of 1973 and 1974 
the response of rice varieties and pure-line selections to 
stem rot infection caused by Sclerotium oryzae catt. were 
evaluated under field conditions. The overall results of 
the field response are summarized in Table 1. Out of 727 
varieties and lines evaluated in 1973, about 6 percent 
received a DI of 2.0 or less and were considered to be 
resistant. A little more than half of the lines tested 
gave a susceptible or very susceptible response and more 
than one third of the varieties and lines gave an inter­
mediate reaction. In the 1974 nursery, no lines received 
a DI of 2.0 or less. However, about one-third of the lines 
were rated moderately resistant, and two-thirds gave sus­
ceptible and very susceptible reactions to the stem rot 
disease.
The response of named varieties to infection by 
Sclerotium oryzae in the 1973 nursery is listed in Table 2. 
It seemed that most of the domestic U. S. varieties were 
susceptible. However, some gave an intermediate response 
to the disease. The more resistant varieties were the 
introduced varieties including Chugoku, Hokuriku, Hoyoku, 
Tangin-Bozu, and Yuang-Hsing 2, and the most susceptible 
varieties were Basmati, CS-M3, and Tainan-Iku-487. The
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Table 1. Summary of the response of rice varieties to infection by S. oryzae












Resistant (R) 1.0 -- 2.0 44 6.05 0.0 0.0
Moderately Resistant (MR) 2.1 -- 3.0 263 36.18 250 32.1
Susceptible (S) 3.1 -- 4.0 298 40.99 509 65.3
Very Susceptible (VS) 4.1 -■ 5.0 122 16.78 20 2.6
Total 727 100.00 779 100.00
1/
Disease index calculated according to the formula reported by Krause and 
Webster (1973).
Table 2. Field response of rice varieties to infection
by £3. oryzae in 1973.
Identification Diseased' Number
Number Index of Reps.
Hokuriku PI 338012 1.8 2
Tangin-Bozu PI 162153 1.9 2Yuang-Hsing 2 PI 338512 1.9 2
Chugoku PI 318642 2.0 2
Hoyoku PI 318643 2.0 2
Jojutla TX 8558 2.1 1
Sunbonnet Cl 8989 2.1 2
Gulfrose Cl 9416 2.2 4
Juma 1 PI 317316 2.2 1
Yuang-Hsing 1 PI 338511 2.2 2
Early Prolific Cl 5883 2.3 1
IR-8 PI 312627 2.3 4
Nova Cl 9459 2.4 1Belle Patna Cl 9433 2.5 4
Bonnet 73 Cl 9654 2.5 4
Caloro Cl 1561-1 2.5 5
Magnolia Cl 8318 2.5 1
Gopher wc 675 2.6 1
Nortai Cl 9836 2.6 7
Colusa Cl 1600 2.7 3
SS Dawn Cl 9649 2.7 6
Dorn Siah PI 220705 2.7 1
Lacrose Cl 1779 2.7 4
Rexoro Cl 1779 2.7 2
Taichung (N) 1 PI 271672 2.7 6
Toride 2 PI 341230 2.7 5
Labelie Cl 9708 2.8 11
Pai-Kan-Tao PI 282945 2.8 1
Reimei PI 318644 2.8 3
Vista Cl 9628-2 2.8 8
Arkrose Cl 8310 2.9 4
Calrose Cl 8988 2.9 3
Horai PI 215936 2.9 1
Toride 1 PI 341229 2.9 4
Toro Cl 9013 2.9 2
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Table 2. (Cont* d .)
1/Identification Disease— Number
Number Index of Reps.
Zenith Cl 7787 2.9 6
Sadri PI 184675 3.0 1
Te-Tep PI 280682 3.0 3
Nato Cl 8998 3.1 7
Starbonnet Cl 9584 3.1 12
Bluebelle Cl 9544 3.2 9
Nira Cl 2702 3.2 2
Palmyra Cl 9463 3.2 2
SS Starbonnet Cl 9722 3.2 5
Taducan PI 280681 3.2 2
Bluebonnet 50 Cl 8990 3.3 4
CS-S4 Cl 9835 3.3 3
Dawn Cl 9534 3.3 14
Sh 30-21 PI 337362 3.3 2
Saturn Cl 9540 3.3 9
Cody Cl 8642 3.4 2
Nova 66 Cl 9481 3.4 8
Bluebonnet Cl 8322 3.5 1
SUL-242 PI 276936 3,5 1
I-Geo-Tze PI 312645 3.6 2
Northrose Cl 9407 3.6 4
Tainan-Iku-487 PI 215936 4.0 1
Basmat i Cl 8983 4.1 1
CS-U3 Cl 6755U 4.6 1
1/
Disease Index: 1.0 - 2.0 Resistant
2.1 - 3.0 Moderately Resistant
3.1 - 4.0 Susceptible
4.1 - 5.0 Very Susceptible
confirmation of the response of the same lines is pre­
sented in Table 3. It was obvious that in general the 
infection in the 1974 stem rot disease nursery was more 
than in the previous year. Also, the infection in the 
second planting of the same year was more than in the first 
planting, because more inoculum in the second planting was 
distributed over the nursery as straw and chopped rice 
stubble from the previous year's stem rot nursery. Also 
throughout the growing season water level was kept con­
stant .
Therefore, many of the lines which were classified 
as moderately resistant to the disease in the previous 
year gave susceptible or very susceptible reactions in the 
1974 nursery and the same thing was also found between the 
first planting and the second planting in the 1974 disease 
nursery. However, the susceptible lines in the 1973 nursery 
remained susceptible or gave a very susceptible reaction 
in the 1974 nursery. The difference in the response of 
certain varieties toward the disease in the two nurseries, 
was attributed mainly to the field conditions, amount of 
inoculum, water level control in the field, and to the 
difficulties of evaluating the lines at the right time.
In addition to having a good infection rate in the field 
in 1974, most varieties matured at the same time, making 
it difficult to evaluate them at a specific time. There­
fore, some lines remained in the field for a long time
Table 3. Field response of rice varieties to infection 
by S. oryzae in 1974.
Variety Identification
Number
Disease Index!/ Reps. per 
planting
I II X I II
Hoyoku PI 318643 1.8 2.5 2.2 1 1
Sadri PI 184675 2.5 1.8 2.2 1 1Tangin-Bozu PI 162153 — 2.3 - - 1
Blue Rose Sel. Cl 9496 2.5 — — 1 —
CS-M3 Cl 9675 2.5 — - 1 -
Reimi PI 318644 1.9 3.2 2.6 1 1
Gulfrose Cl 9416 2.4 2.9 2.7 1 1
SS Dawn Cl 9649 2.5 3.1 2.8 3 2
Brazos Cl 9875 2.4 3.3 2.9 5 5
I-Geo-Tze PI 312645 2.2 3.6 2.9 1 1
Nira Cl 2702 2.4 3.4 2.9 1 1Nortai Cl 9836 2.6 3.2 2.9 5 5
Taducan PI 280681 2.2 3.6 2.9 1 1
Bluebelle Cl 9544 2.4 3.5 3.0 5 4
Labelie Cl 9708 2.8 3.2 3.0 5 4
Magnolia Cl 8318 2.9 3.0 3.0 1 1
Nova Cl 9459 2.7 3.2 3.0 1 1
Belle Patna Cl 9433 3.0 3.2 3.1 2 2
Dawn Cl 9534 2.8 3.4 3.1 8 7
IR-8 PI 312627 2.4 3.8 3.1 3 3
Kerang Serang Cl 8636 2.6 3.6 3.1 1 1
Nova 66 Cl 9481 2.5 3.6 3.1 5 5
Tainan-Iku 487 PI 215936 2.7 3.4 3.1 1 1
Tuang Hsing 2 PI 338512 2.7 3.4 3.1 1 1
Colusa Cl 1600 2.9 3.5 3.2 1 1
Lebonnet Cl 9882 2.7 3.6 3.2 5 5
Te-Tep PI 280682 2.5 3.8 3.2 1 1
Toride 2 PI 341230 3.0 3.4 3.2 2 2
Toro Cl 9013 2.3 4.1 3.2 2 2
Vista Cl 9628-2 2.8 3.6 3.2 5 5
Zenith Cl 7787 2.9 3.4 3.2 6 5
Caloro Cl 1561-1 2.8 3.3 3.8 1 1
CICA-4 PI 365408 2.8 3.7 3.3 2 2
Juma 1 PI 317316 2.7 3.8 3.3 1 1
Sh 30-21 PI 337362 2.8 3.8 3.3 3 3
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Table 3. (Cont'd .)
Variety Identification Dise ase Indexi/ Reps, per
Number planting
I II X I II
Bluebonnet 50 Cl 8990 2.4 4.3 3.4 3 3
Cody Cl 8642 2.5 4.2 3.4 1 1
Starbonnet Cl 9584 2.9 3.8 3.4 7 7
Taichung (N)l PI 271672 2.8 4.0 3.4 3 3
Toride 1 PI 341229 3.1 3.7 3.4 1 2
Basmat i Cl 8983 3.5 1
Bluebonnet Cl 8322 3.0 3.9 3.5 1 1
Lacrosse Cl 8985 3.4 3.6 3.5 2 2
Nort hrose Cl 9407 3.1 3.8 3.5 2 2
N.P. 125 PI 201902 2.9 4.1 3.5 1 1
Pai-Kan-Tao PI 282945 2.7 4.2 3.5 1 1
SS Starbonnet Cl 9722 2.9 4.0 3.5 3 2
Yuang Hsing 1 PI 338511 2.7 4.3 3.5 3 3
Arkrose Cl 8310 — 3.6 — - 1
Bonnet 73 Cl 9654 3.1 4.0 3.6 7 6
CS-S4 Cl 9835 3.1 4.0 3.6 2 2
Gopher WC 675 3.2 3.9 3.6 1 1
Nato Cl 8998 3.2 4.0 3.6 4 4
Palmyra Cl 9463 3.3 3.9 3.6 1 1
Saturn Cl 9540 3.4 4.0 3.7 5 4
Sunbonnet Cl 8989 2.9 4.4 3.7 1 1
Calrose Cl 8988 3.6 4.0 3.8 1 1
Dom Siah PI 220705 — 4.1 — — 1
Horai PI 215936 — 4.3 — — 1
Early Prolific Cl 5883 - 4.8 - - 1
1/
Disease Index: 1.0 - 2.0 Resistant
2.1 - 3.0 Moderately Resistant
3.1 - 4.0 Susceptible
4.1 - 5.0 Very Susceptible
after maturity, also at times they remained in the labora­
tory for several days before they were evaluated. This 
situation affected the disease symptoms and also the ratings 
assigned to individual tillers which affected the disease 
indices of the varieties. It appears from the second plant­
ing data in Table 3 that Blue Rose Sel., Gulfrose, Hoyoku, 
Sadri and Tangin-Bozu were the most resistant varieties. 
Basmati, Bluebonnet 50, Cody, Bom Siah, Early Prolific,
Horai, N.P. 125, Pai-Kan-Tao, Sunbonnet, Toro, and Yuang- 
Hsing I, were very susceptible. The reaction of some U. S. 
commercial varieties for the two nurseries were in agree­
ment with the reports of Tullis and Cralley in 1933, and 
Cralley's report in 1936. It appeared, as previously re­
ported by Cralley and Adair (1949), that stem rot was 
especially serious on certain long-grain varieties such as 
Bluebonnet 50, Bluebonnet, Bluebelle, Dawn, Nira, Star­
bonnet, Sunbonnet, and Toro. However, some of the short- 
grain varieties showed a susceptible reaction to the dis­
ease. The most resistant varieties and lines are pre­
sented in Table 4 and Table 5. Most of the resistant 
varieties were introduced varieties. It also seemed that 
selections having IR-8 and Nova as parents gave a re- 
s istant react ion.
The method of screening in the field for stem rot 
infection was effective in differentiating reponses of the
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resistance to oryzae in 1973
Identification Variety Number
Number of Reps.
PI 318642 Chugoku 2
PI 338012 Hokuriku 2
PI 318643 Hoyoku 1
PI 162153 Tangin-Bozu 2
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1/Varieties with a disease index of 2.0 or less were
considered to be resistant.































RRUFi x 13d LAC 
Dawn-PI245717 x 13d-RR 
(Cl 9545-Nova) x IR 8 
Dawn-PI 245717 x 13d-RR 
CP 231-SLO 17 x Leuang yai 34
Nova 66/2 x Palmyra 
Cl 9680 x Cl 9722 
Cl 9545 x Nova 
(Cl 9545-Nova) x IR 8 
Zenith x Adt 3
(SML242/U) F5/3/RR/R252//N#l)
Dawn-PI 245717 x 13-d-RR 
(Cl 9545-Nova) x IR 8 
Northrose-Gulfrose x Nova 66 
Sadri
9535 x (lac-S426A x 9187 dwf) x B 50/2 Rexo. 
Hoyoku
Dawn-PI 245717 x 13d-RR 
(Cl 9545-Nova) x IR 8 
(Cl 9545-Nova) x IR 8
(Cl 9545-Nova) x IR 8 
Cl 9580 x Saturn 
Cl 9545 x Nova 
Cl 9402-Dawn x Cl 9722 
Dawn-PI 245717 x 13d-RR
Table 5. (Cont'd.)
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(BBLE x BLPT-Dawn) x (BB50/2 x JJLA) 
Cl 9545 x Nova 
Cl 9545 x Nova 
Cl 9881 x PI 331581 








61-3737-CoH4 x Vista 
13 d Nato x Saturn (gh)
1
1/Varieties with a disease index of 2.7 or less were included among the most 
resistant varieties in 1974.
cn
varieties and lines to the disease. However, the effec­
tiveness of this method was very much dependent on environ­
mental conditions such as: nutritional status of the field
amount of inoculum, and the water level throughout the grow 
ing period. It seemed that there was no problem in obtain­
ing an infection under these conditions, even on land that 
had been out of rice production for three years, as in the 
1973 field nursery. The main infection came from the art­
ificial inoculum. The type and amount of inoculum was 
effective, however, more inoculum could have been applied.
Using the disease index (DI) as a measurement of the 
varietal response to stem rot was satisfactory. The DI 
gave a picture of the kind of damage that was done by the 
fungus to the leaf sheath as well as to the stem itself.
It is more accurate than the evaluation based on percent 
of infection which had been used previously by many re­
searchers. The percent infection method of evaluation is 
not able to take into account the amount of damage to the 
stem since it mainly depends on the appearance of disease 
symptoms on the leaf sheaths. In many cases, all the 
tillers were infected on the sheaths while the stems were 
still green and healthy.
The main problem in evaluating stem rot disease re­
sistance under field conditions using the disease index 
(DI) is that it is a time consuming procedure. The 20 
tiller sample which had been used to calculate the DI
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for each entry took an average of about 3-5 minutes. This 
was not including the time required for cutting the sample 
and obtaining the DI through the total reaction of each 
individual tiller. In these two nurseries, the manpower 
for reading the stem rot nurseries was not available at 
the critical time.
Even though the method which had been used in the 
field was effective in evaluating stem rot infection, it 
could be done in a more effective manner by taking into 
consideration the following points:
(1) Using a limited number of entries in a small 
block; this allows for controlling many factors 
which are very important in affecting the de­
velopment of the disease under field conditions, 
such as effective use of fertilizer, uniform 
distribution of the inoculum, controlling the 
water level and help to evaluate the lines at 
the right time.
(2) Must have sufficient replication of each entry.
(3) In a situation where many lines could not be 
evaluated at the right time, samples could be 
kept frozen in plastic bags.
Varietal screening under greenhouse conditions - 
Screening under greenhouse conditions was carried on in 
order to evaluate the response of rice varieties and lines
to infection by S. oryzae and to find a method of evaluat­
ing rice varieties at an early stage of growth by using
lesion development on wound inoculated plants.
The results from greenhouse screening for test I and 
test II for 1973 are presented in Table 6 and Table 7, re­
spectively. The disease indices obtained at maturity for 
wound inoculated plants are in general higher than those 
of non-wounded plants. Analyses of variance, Table 8 and 
and Table 9, indicated that the differences in DI between 
wound inoculated plants and nonwounded plants were highly 
significant. A significant difference was obtained among 
varieties for lesion length score in test I, but no signi­
ficant difference among varieties for lesion length score 
was obtained in test II. The coefficients of variation 
were high for lesion length score, 40.8% and 33.1% in test 
I and test II, respectively. The correlations between 
disease index and lesion score in test I and test II 
(r = 0.085 and 0.283) were not significant. A non­
significant difference among varieties for disease index 
was obtained for both test I and test II. The average DI 
for nonwounded plants was 4.6 and 4.3 for test I and II, 
respectively, the average DI for wound inoculated plants 
was 4.8 and 4.7 for test I and II, respectively. This 
indicated that a severe infection occurred in both wounded 
and nonwounded plants.
Table 6, Disease Index and lesion score of fifty rice
varieties tested in the greenhouse in 1973
(test I, 1973).1/
Identification Disease Index3/ Lesion
Number NW W X scon
Cl 9916 3.4 4.3 3.9 1.7
Cl 9540 3.7 4.9 4.3 1.7
Cl 9903 3.8 4.3 4.3 2.3
Cl 9895 3.9 5.0 4.5 2.0
Cl 9917 3.9 4.7 4.3 2.0
Cl 9805 3.9 5.0 4.5 2.3
Cl 9871 4.0 4.5 4.3 2.3
Cl 9894 4.0 4.5 4.3 2.3
Cl 9863 4.0 4.7 4.4 2.3
Cl 9891 4.1 4.9 4.5 2.7
Cl 9913 4.1 5.0 4.6 3.0
Cl 9877 4.1 5.0 4.6 1.0
Cl 9888 4.1 4.6 4.4 1.0
Cl 9923 4.1 4.0 4.1 1.3
Cl 9912 4.2 5.0 4.6 2.7
Cl 9893 4.2 4.8 4.5 1.7
Cl 9872 4.2 5.0 4.6 2.0
Cl 9906 4.2 4.7 4.5 1.3
Cl 9021 4.2 4.7 4.5 2.0
Cl 9866 4.2 4.8 4.5 1.7
Cl 9873 4.3 4.9 4.6 2.3
Cl 9858 4.3 4.9 4.6 2.7
Cl 9875 4.3 4.8 4.6 1.7
Cl 9926 4.3 4.8 4.6 1.3
Cl 9592 4.4 4.6 4.5 1.3
Cl 9905 4.4 4.6 4.5 2.7
Cl 9896 4.4 4.6 4.5 2.3
Cl 9845 4.4 5.0 4.7 1.3
Cl 9879 4.4 4.9 4.7 2.7
Cl 9898 4.4 4.8 4.6 1.7
Cl 9880 4.4 5.0 4.7 1.0Cl 9899 4.4 4.7 4.6 1.3Cl 9882 4.4 4.7 4.6 1.7Cl 9837 4.5 5.0 4.8 2.0Cl 9841 4.5 5.0 4.8 2.7
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Table 6. (Cont'd .)
Identif ication 
Number
3/Disease Index— Lesion 
NW W X scored/
Cl 9874 4.5 4.9 4.7 2.0
Cl 8998 4.5 4.6 4.5 2.0
Cl 9897 4.5 5.0 4.8 2.0
Cl 9920 4.5 4.9 4.7 2.0
Cl 9433 4.5 4.7 4.6 2.3
Cl 9708 4.6 5.0 4.8 2.0
Cl 9628-2 4.6 4.9 4.8 2.7
Cl 9919 4.6 5.0 4.8 1.3
Cl 9922 4.6 4.8 4.7 2.7
Cl 9881 4.6 4.9 4.8 0.7
Cl 9900 4.6 4.9 4.8 1.3
Cl 9924 4.6 4.7 4.7 2.3
Cl 9911 4.8 4.7 4.8 1.3
Cl 9544 4.8 5.0 4.9 1.7
Zenith 4.9 4.8 4.9 1.3
Mean 4.6 4.8 2.6
C.V. (%) 6.5 4.3 33.1
1/Planted in a single bench on Jan . 9, 1973.
2/
Lesion Score : 0 No infection (no lesion development)1 Lesion of 1.3 cm or less
2 Lesion of 1.4 - 5.0 cm in length
3 Lesion of 5.1 - 10 cm in length
4 Lesion over 7.5 cm in length and
5





Disease Index calculated according to the formula 
reported by Krause and Webster (1973).
W = wound inoculated plants. 
NW = nonwounded plants.
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Table 7. Disease Index and lesion score of fifty rice
varieties tested In the greenhouse in 1973
(test II, 1973).!/
Identification Disease Index!/ Lesion
Number NW W JT scon
Cl 5076 3.7 4.9 4.3 2.7
Cl 9929 4.3 4.8 4.6 2.7
Cl 9902 4.4 4.9 4.7 2.3
Zenith 4.4 4.5 4.5 2.3
Cl 9885 4.5 4.9 4.7 3.3
Cl 9680 4.5 4.6 4.6 2.0
Cl 9889 4.5 4.7 4.6 3.3
Cl 8998 4.5 4.4 4.5 2.0
Cl 5110 4.5 4.8 4.7 3.0
Cl 9897 4.5 5.0 4.8 2.0
Cl 5093 4.5 4.8 4.7 2.7
Cl 5155 4.5 4.9 4.7 3.0
Cl 5130 4.5 4.8 4.7 3.3
Cl 9836 4.6 4.9 4.8 2.7
Cl 9927 4.6 4.9 4.8 2.7
Cl 9928 4.6 4.9 4.8 2.7
Cl 9584 4.6 4.9 4.8 3.0
Cl 5105 4.6 5.0 4.8 2.3
Cl 9898 4.6 4.9 4.8 2.3
Cl 5064 4.6 4.9 4.8 2.7
Cl 5073 4.6 4.8 4.7 3.7
Cl 5143 4.6 4.9 4.8 2.7
Cl 5148 4.6 4.9 4.8 2.7
Cl 5157 4.6 4.7 4.7 2.0
Cl 9584 4.6 4.9 4.8 2.7
Cl 9908 4.7 4.9 5.0 4.0
Cl 9909 4.7 4.8 4.8 2.3
Cl 9862 4.7 4.9 4.8 2.0
Cl 5020 4.7 4.7 4.7 2.0
Cl 9540 4.7 5.0 4.9 2.3
Cl 5017 4.7 4.9 4.8 2.0
Cl 5008 4.7 4.9 4.8 2.3
Cl 9654 4.7 4.9 4.8 1.3
Cl 9708 4.7 4.8 4.8 3.3
Cl 5166 4.7 4.7 4.7 1.7
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Table 7. (Cont'd .)
Identification 3/Disease Index— Lesion
Number NW W X scored
Cl 9901 4.8 5.0 4.9 3.3
Cl 9895 4.8 5.0 4.9 3.3
Cl 5023 4.8 5.0 4.9 2.7
Cl 9896 4.8 4.9 4.9 3.3
Cl 9703 4.8 4.9 4.9 2.0
Cr 695028 4.8 4.9 4.9 2.0Cl 5094 4.8 4.9 4.9 2.3
Cl 5191 4.8 4.8 4.8 2.7
Cl 5171 4.8 4.9 4.9 2.3
Cl 5086 4.8 5.0 4.9 3.3
Cl 9631 4.9 4.8 4.9 1.7
Cl 9868 4.9 4.6 4.8 2.0
Cl 9534 4.9 4.7 4.8 3.0
Cl 5142 4.9 5.0 5.0 3.0
Cl 5099 5.0 4.9 5.0 3.0
Mean 4.3 4.7 1.9




1/Planted in a single bench on Jan. 15, 1973.
2/
Lesion score: 0 No infection (no lesion development)
1 Lesion of 1.3 cm or less
2 Lesion of 1.4 - 5.0 cm in length
3 Lesion of 5.1 - 10 cm in length
4 A lesion over 7.5 cm in length and
with spread to other tillers
5 Tillers dry or dead3/
Disease index calculated according to the formula 
reported by Krause and Webster (1973).
W = Wound inoculated plants 
NW = Nonwounded plants
Table 8. Analysis of variance for stem rot disease index
of fifty varieties tested in the greenhouse in





Variety 49 17.723 0.362 1.47ns
Error (a) 100 24.527 0.245 ----
Treatment—^ 1 11.213 11.213 80.82**
Variety x 
Treatment 49 8.443 0.172 1.24ns
Error (b) 100 13.780 0.139
Total 299 75.780
Mean =4.5 C.V. (variety) = 11.0%
C.V. (treatment) = 8.3%
LSD (treatment)
.05 = 0.04 
.01 »  0.11
ns = Non-significant.
** = Significant at the 1% probability level.
1/
Treatments: wound inoculation and nonwound inoculation.
Table 9. Analysis of variance for stem rot disease index
of fifty varieties tested in the greenhouse in







Variety 49 4.834 0.099 1.46ns
Error (a) 100 6.763 0.068
Treatment^ 1 3.100 3.100 55.00**
Variety x 
Treatment 49 3.788 0.077 1.37ns
Error (b) 100 5.637 0.056
Total 299 24.123
Mean =4.7 C.V. (variety) = 5.5%
C.V. (treatment) = 5.0% 
LSD (treatment)
.05 = 0.05 
.01 = 0.07
ns = Non-significant.
** = Significant at the 1% probability level.
Treatments: wound inoculation and nonwound inoculation
From the observations of the plants during the grow­
ing period, it was noticed that varietal differences did 
exist. Some varieties were very severely infected and 
died before they reached the heading stage, and some 
varieties remained healthy throughout the growing period. 
Even though great differences appeared to exist between 
varieties it seemed that the DI obtained at maturity was 
unable to differentiate the varietal differences to stem 
rot infection.
The DI of the varieties ranged from 4.3 to 5.0, this 
indicates that all varieties were included in the very 
susceptible category. The reason was probably due to the 
favorable conditions present for severe infection in the 
greenhouse. In addition, the parasitic nature of the stem 
rot organism has been reported to be more severe when dead 
plant material was present in the media (IRRI 1965, Krause 
and Webster 1973). In the greenhouse, when plants passed 
the hard dough stage and approached maturity, dead plant 
tissue increased due to the killing of plant tissue by the 
fungus, and due to the senescence of the plants. These 
conditions favor rapid development of the disease, so the 
differences between varieties becomes less and less as the 
plants advance toward maturity. Therefore, the DI did not 
show the differences that were present between different 
varieties. One conclusion which could be made from the 1973 
greenhouse screening tests, is that severe infection can
be obtained from nonwound inoculated plants. This is in 
agreement with the findings of Krause and Webster (1973). 
From a practical point, inoculation without wounding gives 
a more uniform infection and it eliminates a large portion 
of the variation apparently caused by the wounding with 
the hypodermic needle. These results indicated that the 
1974 screening tests should be conducted in a different 
manner.
The results of the 1974 tests as shown in Tables 10 
and 11 indicate that considerable difference in stem rot 
infection occurred among varieties evaluated at the hard 
dough stage. The differences among varieties were highly 
significant in both test I and II. A significant differ­
ence was obtained between wound inoculated plants and non­
wounded plants in test I (Table 12). However, no signifi­
cant differences between wound inoculated and nonwounded 
plants was obtained in test II (Table 13).
Horai, Tangin-Bozu and IR-8 gave moderately resistant 
reactions in test I while 72Cr5055, Cr718266, Cr715084,
Cl 9899 and a selection from IR-8 x CS-MS/2 gave moderately 
resistant reactions in test II. Other varieties in the 
two tests gave susceptible or very susceptible reactions.
The differences among varieties for lesion length 
on wound inoculated plants was not significant in test I 
or test II in 1974. Lesions developed at the early stage 
of growth did not differentiate varietal differences in 
stem rot resistance. It could be concluded therefore,
Table 10. Disease Index, lesion length, percent dead leaves, number of panicles and 
number of days to headlAg of 49 rice varieties grown in the greenhouse in 
1974 (test I, 1974),±f
Variety Identification Disease index—^ Lesion^/ Percent—^ Number—^ Days—'
------------— - length dead of to
Number NW W X (cm) leaves panicles head
Tangin-Bozu PI 162153 2.31/ 2.3 2.3 1.3 40 36 74
Horai PI 215936 2.7 3.0 2.8 1.3 60 22 89
IR-8 PI 312627 2.9 2.8 2.9 1.0 69 29 101
Vista Cl 9628-2 3.1 3.4 3.2 1.0 56 19 89
Zenith Cl 7787 3.2 3.4 3.3 2.0 51 16 98
Nova Dwarf Stg.652101 3.3y 2.8 3.0 1.3 67 16 84
Arkrose Cl 8310 3.5 4.2 3.9 2.0 56 19 82
Gulfrose Cl 9416 3.5 4.1 3.8 2.3 66 21 93
Nova 66 Cl 9481 3.5 3.3 3.4 1.7 54 23 80
Chugoku PI 318642 3.6 3.7 3.6 1.0 61 29 69
Hokuriku PI 338012 3 • / 3.6 3.6 1.3 66 28 79Labelie Cl 9708 3.6Z/ 3.9 3.8 3.0 — 16 80
Sadri PI 184675 3.6 3.8 3.7 2.3 48 24 78
Toride 2 PI 341230 3.6 3.7 3.6 1.7 — 28 69
Caloro Cl 1561-1 3.7 4.0 3.9 1.3 — 26 75
Colusa Cl 1600 3.7 3.9 3.9 1.7 ___ 26 72
Dorn Siah PI 220705 3.7 3.5 3.6 1.7 51 23 93
Early Prolific Cl 5883 3.7 3.5 3.6 3.7 53 22 92
Hoyoku PI 318643 3.7 3.8 3.7 1.7 64 32 70

















































































Lesion^/ Percent^ Number^ Days^/ 
length dead of to
(cm) leaves panicles head
2.7 78 21 109
2.7 58 21 89
2.0 90 14 112
1.3 85 24 108
2.3 66 17 87
1.7 62 19 96
2.7 79 10 120
1.7 68 16 124
1.7 70 22 98
2.0 — 19 79
2.0 77 16 103
1.3 88 36 106
1.3 88 22 109
3.7 — 23 69
3.3 77 19 106
3.0 81 18 100
2.7 86 18 122
2.7 74 36 129
1.0 22 80
2.0 86 17 104
2.3 85 17 103
1.3 67 21 139
1.7 24 76
1.3 65 28 79

















Kerang Serang Cl 8636 4.6 4.9 4.7 1.7 —  — 0SML 205-1 4.6 4.3 4.5 1.3 92 14 105
SML (242/U) F8 Cr718202 4.8 4.9 4.8 1.3 93 12 97
Bluebonnet 50 Cl 8990 5.0 5.0 5.0 3.0 100.0 0 —
Mean 4.0 4.1 1.9 71.6 6.8 94.0
C.V. (%) 11.0 11.0 51.1 12.5 26.1 5.9
LSD .05 0.70 0.72 14.53 2.87
.01 0.89 0.95 19.27 3.80
—^Planted In a single bench on Jan. 12, 1974.
—^Disease index calculated according to formula reported by Krause and Webster (1973).
W = wound inoculated plants 
NW = nonwounded plants
3/Average lesion length from three plants for each variety (one wound inoculated tiller 
per plant).
4/— Percent of total leaves on the main tillers of six plants that were dead at the hard 
dough stage.
5/— Total number of panicles obtain from six plants of each variety.
6/— Heading date recorded when the first panicle of each plant was fully emerged from 
the flag leaf sheath.
7/— Average of only two plants.
Table 11. Disease Index, lesion length, percent dead leaves, number of panicles and 
number of days to heading of 49 rice varieties grown in the greenhouse in 
















CI9628-1 x STRN Cl 9899 2.3 2.3 2.3 2.7 40 11 87
67 R 10248/IR-8 72Cr5055 2.3 2.6 2.4 5.7 47 22 72
Off-RR 2SOM Cr7l5084 2.5 2.5 2.5 2.3 50 15 72
(SML 242/U)F8 Cr718266 2.5 2.6 2.6 3.7 58 8 118
IR-8 x CS-MS/2 Bgs R/35-71 2.6 2.8 2.7 3.3 41 17 86
CS-S4 Cl 9835 3.1 3.0 3-0 7.0 40 21 69
Vsta/NRRB 71Cr5247-1 3.1 3.0 3.0 2.0 57 12 89
CI9543 x RD-Sadri Cl 9866 3.2 2.9 3.0 2.3 57 14 87
I-Geo-Tze PI 312645 3.3 2.9 3.1 2.7 59 18 92
IR 506 70Cr9159 3.4 3.6 3.5 4.7 69 24 109
RRU-PR/250M x BBLE Cl 9858 3.4 3.5 3.4 4.7 63 13 71
Jojutla TX-8558 3.5 3.5 3.5 4.7 50 18 63
Nato/250M/RXZN/250M Cl 9862 3.5 3.4 3.4 4.7 70 15 99
NROS x PALM Cl 9917 3.5 3.6 3.5 5.3 50 19 91
RR Til/6001 C 69Crl0140 3.5 3.4 3.4 6.0 70 20 80
Tainan-Iku-487 PI 215936 3.5 3.8 3.6 2.7 61 19 90
BBLE x BLPT-DAWN Cl 9882 3.6 3.6 3.6 2.3 71 13 77
Dawn/RRU 72Cr605 3.6 3.6 3.6 3.7 68 12 79
Tuang Hsing 2 PI 338512 3.6 3.7 3.6 3.3 66 28 106




















Straw hall rogue 
Sel. Fr. CI9654 
Reimei 
Sh 30-21
Dawn X TN-1 
Taichung Native 1 
CI9439/61B1/T0R0 




Cl 8905 3.8 3.8
Cl 9916 3.9 3.7
CI9875 3.9 3.9
Cl 9708 3.9 3.7
Stg70M3655 3.9 4.5
72Cr682 3.9 4.0
PI 341229 3.9 3.9





Cl 9459 4.1 4.1
Cl 9921 4.1 4.4
Cr718204 4.1 4.6
Cr718205 4.1 4.3
Cl 7787 4.1 4.3
Cl 9722 4.2 4.1
Stg71M9044 4.2 4.2
Stg70FB-9-2 4.3 4.5
PI 318643 4.4 4.4
PI 337363 4.4 4.3
Cl 9893 4.4 4.5
72Crl40 4.5 4.4
72Cr466 4.5 4.4
Cl 9945 4.5 4.8
Cl 9944 4.6 4.6
i • 3 /  +4 /  5/  n 6 /2/ lesion— percent— number— Days— 
“ length dead of to
T~ (cm) leaves panicles head
3.8 4.0 70 11 93
3.8 2.0 63 20 97
3.9 4.0 71 18 105
3.8 5.0 58 15 73
4.2 4.3 69 11 86
3.9 4.3 70 18 77
3.9 3.7 58 27 72
4.0 3.7 60 22 80
3.8 2.7 63 15 87
4.3 5.7 69 11 109
4.1 2.7 79 15 86
4.2 2.3 74 15 101
4.4 6.0 83 8 119
4.2 3.7 86 8 118
4.2 2.7 85 13 110
4.1 3.7 80 5 123
4.2 4.0 72 18 105
4.4 4.0 83 13 113
4.4 4.0 82 24 78
4.3 4.3 75 34 106
4.4 6.7 68 12
4.5 6.7 80 35 107
4.4 5.3 82 8 -
4.6 5.0 78 16 106


















Rexoro Cl 1779 4.6 4.2 4.5 7.3 77 0
BBLE X BLPT-DAWN Cl 9871 4.7 4.8 4.8 6.3 93 18 77
Basmati Cl 8983 4.8 4.6 4.7 10.0 74 4 120
VGLD/95561/DAWN Cl 9837 5.0 5.0 5.0 6.7 100 19 66
Mean 3.9 3.9 4.3 67.9 5.4 92
C.V.(%) 20.2 20.8 61.9 24.8 32.3 4.6
LSD .05 1.27 1.31 27.29 2.83
.01 1.68 1.74 36.12 3.74
—^Planted in a single bench on Feb. 3, 1974.
2 /— Disease index calculated according to formula reported by Krause and Webster (1973). 
W = Wound inoculated plants.
NW = nonwounded plants.
3 /— Average lesion length from three plants for each variety (one wound inoculated 
tiller per plant).
4/— Percent of total leaves on the main tillers of six plants that were dead at the 
hard dough stage.
5/Total number of panicles obtain from six plants of each variety.
6/~ Heading date recorded when the first panicle of each plant was fully emerged 
from the flag leaf sheath.
Table 12. Analysis of variance for stem rot disease index
of forty six varieties tested in the greenhouse







Variety 45 55.048 1.223 4.74**
Error (a) 92 23.757 0.258
Treatment—^ 1 0.548 0.548 4.30*
Variety x
< *Treatment 45 4.477 0.099
Error (b) 92 11.730 0.128
Total 275 95.560
Mean =4.0 C.V. (variety) = 12.7%
C.V. (treatment) = 8.9% 
LSD (variety)
.05 = 0.58 
.01 = 0.77
LSD (treatment)
.05 = .09 
.01 =  0.11
* = Significant at the 5% probability level.
** = Significant at the 1% probability level.
1/ Treatments: wound inoculation and nonwound inoculation.
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Table 13. Analysis of variance for stem rot disease Index 
of forty eight varieties tested in the green­







Variety 47 110.975 2.361 2.02**
Error (a) 96 112.433 1.171
Treatment^/ 1 0.050 0.050 < i
Variety x 
Treatment 47 3.147 0.067
Error (b) 96 9.393 0.098
Total 287 235.998
Mean =3.9 C.V. (variety) = 27.7%
C.V. (treatment) = 8.0% 
LSD (variety)
.05 = 1.24 
.01 = 1.64
** Significant at the 1% probabilty level.
1/ Treatments: wound inoculation and nonwound inoculation.
from the greenhouse tests, that lesion development at the 
early stage of growth can not be used to differentiate 
varietal resistance to stem rot.
The difference obtained in the percent of dead leaves 
between wound inoculated and nonwounded plants was not 
significant (Table 14 and Table 15). However, highly 
significant differences were obtained among varieties for 
percent dead leaves in both test 1 and II. The correla­
tion between the DI and the percent dead leaves (r = 0.738 
and 0.725) for test I and II, respectively, were highly 
significant.
The correlation between DI and days to heading was 
highly significant (r =* 0.404) in test I and nonsignificant 
(r = 0.171) for test II. The total number of panicles was 
highly significantly correlated with DI (r = 0.420) in test 
I, however, a nonsignificant correlation (r ■= 0.208) was 
obtained in test II.
Under greenhouse conditions DI obtained at the hard 
dough stage was satisfactory for differentiating the var­
ious varietal reactions to the disease. Wound inoculation 
was not necessary to obtain a severe infection. The use 
of 2.7 liter plastic pots with two plants per pot was 
satisfactory. The above results provided information for 
further studies under both greenhouse and field conditions, 
which will be discussed in the next section.
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Variety 37 44296.176 1197.194 7.49**
Error (a) 76 12151.333 159.886 ----
Treatment^ 1 45.632 45.632 < i
Variety x 
Treatment 37 3793.368 102.523
Error (b) 76 7930.000 104.342
Total 227 68216.509
Mean =71.6 C.V. (variety) = 17.7%
C.V. (treatment) = 14.3% 
LSD (variety)
.05 = 14.53 
.01 = 19.27
** Significant at the 1% probability level.
1/Treatments: wound inoculation and nonwound inoculation.
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Table 15. Analysis of variance of the percent dead leaves 
of forty-eight varieties infected with stem 







Variety 47 49831.386 1060.242 1.87**
Error (a) 96 54496.333 567.670
Treatment^ 1 54.254 54.254 <1
Variety x 
Treatment 47 6839.580 145.523 < 1
Error (b) 96 14677.667 152.892
Total 287 125899.219
Mean =67.9 C.V. (variety) = 35.1%
C.V. (treatment) = 18.2%
LSD (variety)
.05 = 27.29 
.01 - 36.12
** Significant at the 1% probability level.
1/ Treatments: wound inoculation and nonwound inoculation.
Comparison of Inoculation and Screening Methods
Evaluation of inoculation met hods in the greenhouse - 
Four inoculation methods were used in inoculating six rice 
varieties in the greenhouse with stem rot fungus S. oryzae. 
The experiment used was a 4 x 6 factorial in a completely 
randomized design, with 14 observations per method by 
variety combination. The main objective was to determine 
the most suitable inoculation method(s) which would result 
in the least variation within a variety, while giving the 
maximum variation between or among varieties. Another 
objective was to find a method which could be used for 
evaluating individual plants for inheritance studies.
The mean disease indices of the varieties under dif­
ferent methods of inoculation is shown in Table 16. The 
analysis of variance for disease index obtained at the 
hard dough stage, presented in Table 17 showed highly sig­
nificant differences among inoculation methods, and among 
varieties, and a significant method X variety interaction. 
Significant method X variety interaction indicates that 
the varieties behaved differently according to the methods 
of inoculation. The different inoculation methods were 
compared by variety using orthogonal comparisons and the 
results are shown in Table 18. It appeared that the means 
of method C and D was significantly higher than means of 
methods A and B for varieties Caloro, Nova 66, Vista and
Table 16. Mean disease indices, coefficients of varia­
tion (C.V.), LSD's, F-Values and percents of 
total variation attributable to varieties 
(PTV) for six varieties under different methods 
of inoculation.
Variety Inoculation Methodsy Means
A B C D
Caloro 4.0 3.6 4.1 4.1 4.0
Gulfrose 3.9 4.2 4.1 4.2 4.1
Nova 66 3.6 3.4 4.1 4.2 3.8
Saturn 4.5 4.6 4.7 4.6 4.6
Vista 3.4 3.4 4.3 4.2 3.8
Zenith 4.1 4.1 4.4 4.5 4.3
Means 3.9 3.9 4.3 4.3
C.V. (%) 16.1 15.2 10.2 10.2
LSD
.05 0.47 0.44 0.34 0.33
.01 0.63 0.59 0.45 0.44
F-Value 5.49 8.93 4.18 3.52
PTV 24.3 36.2 18.5 15.2
—^Method A - Mycelial pieces inserted in shallow wound in
the leaf sheath.
Method B - Sclerotia inserted in shallow wound in the 
leaf sheath.
Method C - Leaf sheath wounded and sclerotia spread on 
the water around the base of the plant.
Method D - Leaf sheath not wounded and sclerotia spread 
on the water around the base of the plant.
1 0 0
Table 17. Analysis of variance for stem rot disease Index 








Method 3 13.318 4.439 15.52**
Variety 5 25.478 5.096 17.82**
Method x 
Variety 15 8.634 0.576 2 .01*
Error 312 89.238 0.286
Total 335 136.668
* Significant at the 5% probability level.
** Significant at the 1% probability level.
1 0 1
Table 18. Comparison of different Inoculation methods 
by variety using the method of orthogonal 
comparison.
UeanComparison Variety Square F-Value
A and B vs. C and Caloro 1.230 4.30*
" "    " » " » » Gulf rose 0.052 ^1
" *» " " " " " » » ” Nova 66 5.222 18.26**
«. i. m .. .. „ .. m Saturn 0.172 <1
" " " ” " " M » " " Vista 0.052 38.40**
" " " " " " " " " " Zenith 0.172 8.55**
A vs. B Caloro 0.789 2.76
" " ” Gulfrose 0.413 1.44
^ ” " Nova 66 0.260 <1
" " ^ Saturn 0.036 <̂ 1
" " " Vista 0.018 <1
" " " Zenith 0.006 <1
C vs. D Caloro 0.006 (l
" " ^ Gulf rose 0.029 <1
” " ^ Nova 66 0.116 ^1
^ " Saturn 0.018 ^1
^  " ” Vista 0.080 <1
” ” « Zenith 0.116 ^1
1/ Higher mean underlined
* Significant at the 5% probability level.
** Significant at the 1% probability level.
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Zenith. The mean of method A was not significantly dif­
ferent from mean of method B for all varieties. Also a 
similar result was obtained from the comparison of methods 
C and method D.
Analysis of variance by inoculation method for disease 
index presented in Table 19 showed highly significant dif­
ferences among varieties in each of the inoculation methods, 
The percent of total variation attributable to varieties 
under different methods of inoculation was computed from 
the analysis of variance for each method using the follow­
ing fixed model, (Steel and Torrie 1970).





+ n « v
Error nV-V MS2 2^  E
Total nV-1
n = number of observation = 14
2 2 2 MS2 estimate ̂ e , and MS^ estimate ^ E + 14
+ "fi> - A - Vv
2 _  / 2 2 2+ n^ y  ’ “ ^ E = variation due to varieties
n
Therefore percent of total variation attributed to
2
varieties =  y__________  x 100
2 2/e +
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Table 19. Analysis of variance (by method) for disease 





Sum of Mean 
Squares Square F-Value
Variety 5 10.872 2.174 5.49**
Error 78 30.900 0.396
Total 83 41.772
Mean = 3.9 C.V. = 16.1% 
LSD





Sum of Mean 
Squares Square F-Value
Variety 5 15.516 3.103 8.93**
Error 78 27.111 0.348
Total 83 42.627
Mean = 3.9 C.V. = 15.2% 
LSD











Variety 5 4.307 0.861 4.18**
Error 78 16.086 0.206
Total 83 20.393
Mean =4.3 C.V. = 10.2% 
LSD









Variety 5 3.417 0.683 3.52**
Error 78 15.141 0.194
Total 83 18.558
Mean =4.3 C.V. = 10.2% 
LSD
.05 = 0.33 
.01 = 0.44
** Significant at the 1% probability level.
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The means, coefficients of variation, LSD's, F-values, 
and percents of total variation due to the varieties are 
presented in Table 16, Methods A and B on the average 
gave a lower disease index than methods C and D which in­
dicated that more severe infections were obtained in methods 
C and D. However, a lower coefficient of variation was ob­
tained from methods C and D than from either method A or B. 
The low LSD values indicate that small differences in the 
disease among varieties can be detected by the four methods. 
However, methods C and D gave lower LSD values than either 
methods A or B. Comparing the percent variation due to 
differences among varieties for each method, it appeared 
that values obtained from methods A and B were higher than 
from methods C and D. But between methods A and B more 
variation due to differences among varieties could be
detected in method B than in method A. F-values also in­
dicated that methods A and B gave a higher variation due 
to varieties than methods C and D.
It could be concluded, that the method using sclerotia 
for inoculating the seedlings, and obtaining the disease 
index at hard dough stage is the more suitable method for 
evaluating varieties for resistance to stem rot . The re­
sults of this experiment also indicated that wounding is not 
necessary to obtain a severe stem rot infection. This find­
ing agrees with the previous results obtained in screening 
varieties in the greenhouse where wounded and unwounded
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plants were Inoculated in each variety. It appeared from 
the experiment that the use of 350 ml polystyrene cups 
was not suitable because the plants did not develop enough 
tillers. Another problem associated with the use of cups 
was that when the plants approached maturity it was dif­
ficult to keep them upright as any disturbance would make 
them topple over.
In addition to the disease index obtained at the hard-
dough stage, a disease index was also obtained at heading
and at maturity. Table 20 shows that DI was increased as 
the plant approached maturity. However, at maturity the DI 
for all varieties under each method of innoculation became 
very close. Any difference between varieties could not be 
shown by the DI. This also supports the suggestion pro­
posed previously that obtaining the DI at the hard dough 
stage would be satisfactory.
Cut stem methods of screening for resistance to stem 
rot - This method, developed by The International Rice 
Research Institute, is based on the length of the lesion 
that develops on an inoculated culm.
Table 21 shows the lesion length on cut stems and
the corresponding disease index for the same varieties 
inoculated in the greenhouse and in the field. Simple 
correlations were calculated between lesion length and 
disease index. The correlation coefficient between lesion 
length on the cut stems and disease index obtained in the
Table 20. Mean disease index of the varieties at heading, hard dough and 
maturity under different methods of inoculation.
Variety
Inoculation Methods
A B C D
H HD M H HD M H HD M H HD M
Caloro 1.9 4.0 4.5 1.9 3.6 4.4 3.4 4.1 5.0 3.3 4.1 4.6
Gulfrose 4.0 3.9 4.3 3.3 4.2 4.6 3.9 4.1 5.0 4.3 4.2 5.0
Nova 66 3.7 3.6 4.3 2.2 3.4 3.9 2.8 4.1 4.5 3.7 4.2 4.7
Saturn 3.9 4.5 5.0 3.0 4.6 4.9 3.7 4.7 4.8 3.5 4.6 4.8
Vista 2.8 3.4 4.5 2.0 3.4 2.7 3.5 4.3 4.3 3.3 4.2 4.3
Zenith 3.9 4.1 4.3 3.2 4.1 4.6 4.3 4.4 4.9 4.3 4.5 4.3
Means 3.4 3.9 4.5 2.6 3.9 4.2 3.6 4.3 4.8 3.7 4.3 4.6
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Table 21. Average lesion length on culms of 15 varieties 
using the "cut stem technique" and the disease 
index obtained on the same varieties in the 











Bluebonnet 50 1.43 4.4 3.2
Bonnet 73 0.67 3.6 3.0
Gulfrose 2.24 4.7 _
Hoyoku 0.75 3.4 2.0
IR-8 0.90 3.4 2.4
Nira 3.79 4.6 3.3
Nova 66 1.10 3.3 2.7
Nova Dwarf 3.13 3.1 2.1
Rexoro 2.91 4.7 -
Sadri 4.19 4.4 3.1
Saturn 5.02 4.3 3.7
Tangin-Bozu 1.06 2.0 2.1
Taichung Native 1 1.05 4.1 2.7
Vista 0.99 4.1 2.5
Zenith 1.79 4.3 2.9
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field for 15 varieties was significant (r = 0.594). How­
ever, lesion length and disease index obtained under green­
house conditions were not significantly correlated (r = 
0.455).
Even if an association exists between the method using 
cut stems and the disease index method of evaluating rice 
varieties for resistance or susceptability to stem rot, 
the use of cut stems appeared not to be practical because it 
required much more laboratory time and effort than the 
methods for obtaining a disease index. Furthermore, there 
is not much saving in time in growing the plants,since the 
cut stem method requires that plants be grown to the flower­
ing stage. Standardization of the procedure in each step in 
the method using cut stems makes the evaluation of a large 
number of varieties very difficult. The severity of in­
fection using this method did not agree with disease sev­
erity or losses under Louisiana conditions. This point was 
also mentioned by Krause and Vebster (1973) regarding the 
use of the cut stem method. It was found that obtaining 
a disease index required less time and effort and gave 
more accurate results than obtaining lesion length on cut 
stems as a method of evaluating varietal resistance to 
stem rot disease.
Field inoculation procedures - Two experiments 
were conducted at the Rice Experimental Station at Crowley, 
during the 1974 season in order to determine the amount of
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Inoculum and the stage of inoculation which would produce 
a maximum expression of the stem rot disease, caused by 
Sclerotium oryzae, under field conditions.
In experiment I the analysis of variance (Tables 22 
and 23) showed a highly significant difference among stages 
of growth for disease index (DI) and yield. According to 
Duncans Test (Table 24) it appeared plants inoculated at 
the stages of tillering, booting and heading gave a higher 
disease index than plants inoculated at the seedling stage. 
However, plants inoculated at the late tillering stage 
gave a significantly higher DI than seedling inoculation. 
Inoculation at early tillering gave significantly lower 
yield than plants inoculated at late tillering, middle 
booting, and late booting stages. Plants inoculated at 
the seedling stage did not have a disease index as high 
as plants inoculated at late tillering, but the yield was 
affected as much as the plants inoculated at early tiller­
ing. The possible explanation is that inoculation at very 
early stages of growth (seedling) affected the young plant, 
some plants were killed, others became weak, and the stand 
became very poor. Then when the new tillers came out, 
there was not as much inoculum (sclerotia) floating around. 
Therefore, the new tillers were not infected as much as 
the older plant tillers. This produced a low disease index 
together with a thin and poor stand which gave a low yield.
Table 22. Analysis of variance for differences in disease 








Treatment 6 1.828 0.305 3.48**
Error 35 3.063 0.088
Total 41 4.891
Mean =3.7 C.V. = 8.0%
LSD .05 = 0.35 
.01 = 0.47
Significant at the 1% probability level.
Table 23. Analysis of variance for differences in yield 







Treatment 6 69535.235 11589.206 17.80**
Error 35 22789.775 651.136
Total 41 92325.010
Mean = 362.33 C.V. - 7.0%
LSD .05 - 29.93 
.01 = 40.13
**
Significant at the 1% probability level.
Table 24. Average disease index and yield of plots 
inoculated at different stages of growth.




Check 3.35 c* 371.90 a
Seedling 3.47 be 269.65 b
Early Tillering 3.83 ab 260.58 b
Late Tillering 4.00 a 371.11 a
Middle Booting 3.67 abc 403.01 a
Late Booting 3.65 abc 396.55 a
Heading 3.83 ab 263.50 b
* Means within each column followed by the same letter 
are not significantly different at the 5 percent 
probability level according to Duncan Multiple Range 
Test.
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Under the conditions of this experiment the seedling 
stage was not the best stage for inoculation. Early tiller­
ing and the late tillering stages were the most satisfactory 
stage for inoculation. This is in agreement with the pre­
vious report by Krause and Webster (1973).
It is important to indicate that the experiment was 
conducted on land which had been planted to rice for many 
years. Therefore, natural inoculum was present and inter­
fered with the experimental treatments. However, the in­
formation obtained from this experiment will be helpful in 
field screening where natural inoculum is present.
Analysis of variance for experiment 11 presented in 
Table 25 showed that there is a highly significant difference 
between the DI obtained from different amounts of inoculum. 
Nonsignificant differences in yield were obtained between 
inoculation treatments (Table 26). The results presented 
in Table 27, indicated that the disease index obtained 
from plants inoculated with 50 sclerotia per plant did not 
differ significantly from DI's obtained from plants inocu­
lated with 100, 500, 1000, and 5000 sclerotia per plant.
The 100 sclerotia per plant inoculation gave a higher DI 
than 50 scl./plant and was significantly higher than 25, 
and 0 sclerotiaper plant.
Even though there were no statistical differences
between yields obtained from the different treatments, it 
appeared that in general the Inoculum level of 50 sclerotia
Table 25. Analysis of 














Treatment 6 1.623 0.275 3.51**
Error 35 0.079 3.508
Total 41 4.401
Mean = 3.7 C.V. - 7.6%




Significant at the 1% probability level.
Table 26. Analysis of variance for differences in yield 








Treatment 6 11283.625 1880.604 1.50ns
Error 35 43953.465 1255.813
Total 41 55237.090
Mean = 354.6 C.V. = 10.0%
ns = non-significant.
Table 27. Average disease index and yield of plots









0 3.35 c* 371.90
25 3.42 be 366.52
50 3.65 abc 355.68
100 3.83 a 356.70
500 3.88 a 366.25
1000 3.73 ab 319.77
5000 3.85 a 345.40
* Means within column followed by the same letter are not 
significantly different at the 5 percent probability 
level according to Duncan Multiple Range Test.
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per plant and above gave lower yields compared with 25 
sclerotia per plant and the 0 (check) treatment.
The results indicate that under experimental conditions 
where natural inoculum is present in the soil 100 sclerotia 
per plant should be sufficient to establish a uniform in­
fection. However, to determine the amount of inoculum 
needed the amount of natural inoculum present should be 
determined.
It could be concluded therefore, that under field con­
ditions where natural inoculum is present, inoculation with 
100 sclerotia per plant at the early tillering or late 
tillering stage gave a high disease index and also affected 
the yield.
Plant to plant variation for disease index under field 
Conditions - Six varieties were planted in the same area
of the 1974 field stem rot nursery. Each variety was 
planted in four double rows. The objective was to gain 
some preliminary information about the variation in the 
disease index among individual plants of each variety 
evaluated at heading, hard dough, and maturity.
The mean disease indices, standard errors, and coef­
ficients of variation for each stage is presented in 
Table 28.
In general it appeared that the disease index in­
creased as the plants advanced toward maturity. This
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Table 28. Means, standard errors and coefficients of
variation of the disease indices obtained from 
individual plants of six varieties at heading, 
hard dough and harvest maturity stages.
Variety Heading Hard Dough Maturity
Mean DI 1.5 1.8 2.6
Caloro SE 0.271 0.232 0.532
C.V.(%) 18.1 12.9 20.5
Mean DI 1.8 1.7 2.5
Gulfrose SE 0.187 0.331 0.574
C.V.<%) 10.4 19.4 23.0
Mean DI 1.4 1.8 2.5
Nova 66 SE 0.215 0.258 0.417
C.V.(%) 15.3 14.3 16.7
Mean DI 1.7 1.8 2.2
Saturn SE 0.447 0.312 0.723
C.V.<%) 26.3 17.3 32.9
Mean DI 1.3 1.6 2.0
Vista SE 0.194 0.220 0.328
C.V.<%) 14.9 13.7 16.4
Mean DI 1.5 1.5 2.6
Zenith SE 0.242 0.385 0.532
C.V.(%) 16.2 25.7 20.5
Mean DI 1.5 1.7 2.4
Means SE 0.254 0.290 0.518
C.V.(%) 39.7 17.0 21.6
indicated that more infection by the disease was obtained 
at maturity, as was found in previous research under green­
house conditions. It appeared that the coefficient of 
variation (C.V.) was lower in plants evaluated at the hard 
dough stage than for plants evaluated at heading and ma­
turity. This was true for all six varieties, except Zenith 
and Gulfrose. The data suggest that hard dough stage is 
probably the most favorable stage for stem rot. However, 
at maturity a more severe stem rot infection was obtained. 
Therefore, the decision will depend on the purpose of the 
study. The data gave no information on what stage all 
varieties should be read. It was observed that in the 
field after the hard dough stage environmental factors 
have more chance to interact with the evaluation. The 
plant type and resistance to lodging seemed to affect the 
DI after the hard dough stage.
The Relationship of Yield to the Level of Stem Rot 
Infection as measured by TKe Disease InHex Method
Thirty varieties found in previous greenhouse and 
field experiments to vary in their response to S. oryzae 
were selected for this study. The main purpose was to 
determine whether the disease indices obtained of the 
varieties are related to the actual damage and yield re­
duction of the variety due to stem rot.
The varietal disease indices from stem rot Infected 
plants, the percent yield loss of varieties grown in the 
stem rot infected bench compared to the yield of the same 
varieties from the uninfected bench and the average number 
of green leaves and panicles of stem rot infected and un­
infected plants is presented in Table 29. All uninoculated 
plants were free of stem rot lesions (disease index = 1), 
indicating that the bench and pots under which uninoculated 
plants were grown were free of contamination from Sclerotium 
oryzae. Plants in the inoculated bench had an average 
disease index of 4.1.
The analysis of variance for the disease index, pre­
sented in Table 30 showed highly significant differences 
between treatments. There was a highly significant variety 
x treatment interaction indicating that the differences 
between treatments were not the same in all varieties. The 
disease index was significantly different among varieties. 
Table 31 shows the analysis of variance for disease index 
for the inoculation treatment. Results indicate highly 
significant differences among varieties. The least signi­
ficant difference (LSD) shows that the test was able to 
detect a difference of 0.48 in disease index between 
varieties at the 0.05 level of probability and 0.63 dif­
ference in disease index at the 0.01 level of proabability. 
This indicates that the test can detect small differences 
in the reaction of varieties considering that the overall 
mean disease index was 4.1. About 92.54 percent of the
Table 29. Disease index, percent yield loss, number of green leaves, and number of 
panicles of thirty varieties grown in the greenhouse and infected with 
stem rot,
Number of Number of
Identi- Percent green leaves—^ panicles Day
Variety fication yield % ^ to
Number DI loss UI I loss UI I loss Head
Tangin-Bozu PI 162153 2.0 0.0 5.6 4.1 26.8 5.8 5.2 10.3 87
Nova Dwarf Stg652101 3.1 14.39 5.1 3.2 37.3 3.2 3.6 0.0 91
Nova 66 Cl 9481 3.3 14.24 3.7 2.5 32.4 3.8 3.8 0.0 89
IR-8 PI 312627 3.4 40.55 3.6 2.5 30.6 6.7 4.8 28.4 105
Hoyoku PI 318643 3.4 40.66 5.0 2.1 58.0 6.0 5.3 11.7 81
Bonnet 73 Cl 9654 3.6 58.05 5.2 1.9 63.5 3.4 3.1 8.8 101
Brazos Cl 9875 3.8 7.73 4.8 3.0 37.5 3.8 3.8 0.0 92
Starbonnet Cl 9584 4.0 60.82 4.3 1.5 65.1 3.5 3.5 0.0 104
Colusa Cl 1600 4.0 54.76 4.8 2.1 56.3 3.0 2.9 3.3 90
74Cr5009 4.0 11.35 4.5 2.3 48.9 3.6 3.5 1.6 90
SS Dawn Cl 9649 4.1 46.66 4.8 2.5 47.9 3.9 3.7 0.5 96
74Cr5008 4.1 33.53 4.5 1.8 60.0 3.3 2.8 15.2 90
Vista Cl 9628-2 4.1 24.00 4.3 2.4 44.2 3.2 3.4 0.0 89
Taichung N-l PI 271672 4.1 22.25 3.7 2.4 35.1 6.4 4.9 23.4 100
74Cr5010 4.1 37.19 4.2 1.6 61.9 3.3 3.4 0.0 91
Nato Cl 8988 4.2 30.11 4.4 2.4 45.5 3.1 2.9 6.5 94
Zenith Cl 7787 4.3 50.89 4.0 2.6 35.0 4.0 3.2 15.0 94
Saturn Cl 9540 4.3 40.32 4.6 2.3 50.0 3.9 3.3 15.4 96
Bluebonnet 50 Cl 8990 4.4 50.73 3.9 1.8 53.8 3.4 3.1 8.8 105



















74Cr5005 4.5 59.85 4.0 2.1 47.5 3.7 3.2 13.5 93
Caloro Cl 1561-1 4.5 36.93 3.6 2.7 25.0 5.1 4.1 19.6 82
Dawn Cl 9534 4.6 62.66 4.2 1.7 59.5 3.6 2.9 19.4 98
Nira Cl 2702 4.6 71.38 3.8 1.2 68.4 3.0 2.8 6.7 106
Gulfrose Cl 9416 4.7 32.28 3.7 2.2 40.5 5.3 4.0 24.5 93
Rexoro Cl 1779 4.7 85.34 3.2 0.6 81.1 3.3 1.9 42.4 125
Labelle Cl 9708 4.8 46.27 4.2 0.7 83.3 3.0 3.0 0.0 87
Taducan PI 280681 4.8 17.31 3.1 1.7 45.2 8.3 6.4 22.9 120
Blue be lie Cl 9544 4.9 37.96 4.7 1.2 74.5 3.6 2.9 19.4 86
Belle Patna Cl 9433 5.0 27.28 4.2 0.1 97.6 3.1 3.0 3.2 80
Mean 4.1 37.99 2.1 3.6
C.V.(%) 9.3 43.04 42.69 21.7
LSD .05 0.48 20.51 0.79 0.69
.01 0.63 27.15 1.04 0.91
PTV 92.5 50.8 43.4 55.9
1 7  T I  +— I = plants infected with stem rot
UI = plants uninfected with stem rot.
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Table 30. Analyses of variance for varietal disease





Variety 29 28.441 0.981 13.40**
Treatment 1 735.707 735.707 488.47**
Variety x 
Treatment 29 28.441 0.981 13.40**
Error 240 17.564 0.073
Total 299 810.153
** Significant at the 1% probability level.
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Table 31. Analysis of variance for varietal disease index 







Variety 29 56.882 1.961 13.40**
Error 120 17.564 0.146
Total 149 74.446
Mean =4.1 C.V. = 9.3% 
LSD
.05 - 0.48 
.01 =0.63
PTV - 92.54
** Significant at the 1% probability level.
observed variation in this experiment could be attributed 
to the variation due to differences among the varieties.
Examples of the differences in visible damage due to 
stem rot that was observed in a susceptible variety Labelie 
(DI = 4.8), a moderately susceptible variety Nova 66,
(DI = 3.3) and a resistant variety Tangin-Bozu, (DI = 2.0) 
are shown in figures 1, 3 and 5.
Examples of stem rot symptoms observed on and in the 
culms of a susceptible variety Labelle, (DI » 4.8), a mod- 
rately susceptible variety Nova 66 (DI = 3.3) and a re­
sistant variety Tangin-Bozu (DI * 2.0) are shown in figures 
2 , 4 and 6.
The analysis of variance for the percent yield loss 
presented in Table 32 showed highly significant differences 
among varieties. LSD values at 0.05 end 0.01 levels were 
20.52 and 27.16 percentage points, respectively, and the 
overall mean was 37.99 percent. It appears that calculat­
ing the reduction in yield was not a suitable method of 
measuring differences in resistance and susceptability to 
stem rot among the varieties. Results tend to be very 
variable as shown by the large mean square for error and 
the high coefficient of variation of 43.04 percent. The 
amount of variation that could be attributed to the varie­
ties relative to the total observed variation was calcu­
lated to to 50.76 percent. This indicates that about half 
of the total variation was due to experimental error.
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Figure 1 Figure 2
Figure 1. Stem rot infected (left) and disease free(right) plants of the susceptible variety Labelle.
Figure 2. Stem rot symptoms on and in the stems of the 
variety Labelle (DI = 4.8).
Figure 3 Figure 4
Figure 3
Figure 4
Stem rot infected (left) and disease free 
(right) plants of the moderately susceptible 
variety Nova 66.
Stem rot symptoms on and in the stems of the 
moderately susceptible variety Nova 66 (DI =
Figure 5 Figure 6
Figure 5
Figure 6
Stem rot infected (left) and disease free 
(right) plants of the resistant variety 
Tangin-Bozu.
Stem rot symptoms on and in the stems of 
resistant variety Tangin-Bozu (DI = 2.0).











Variety 29 47732.136 1645.936 6.16**
Error 120 32088.470 267.404
Total 149 79820.606
Mean =37.99 C.V. =43.0%
LSD
.05 = 20.52 
.01 = 27.16
PTV = 50.76
** Significant at the 1% probability level.
Simple correlation coefficients between the disease 
index obtained at the hard dough stage and the percent re­
duction in yield, percent reduction in number of green 
leaves, percent reduction in number of panicles, and num­
ber of days to heading are presented in Table 33. Signi­
ficant correlations were obtained between disease index 
and percent of yield loss (r - 0.438) and percent reduction 
in number of green leaves (r « 0.437). Disease index was 
not significantly correlated with percent reduction in 
number of panicles (r =» 0.263) and number of days to head­
ing (r = .190). These significant correlations shows that 
the disease index provides a good indication of the actual 
damage done by stem rot to the plant in terms of reduction 
in number of functional leaves and consequently yield. It 
appeared that the degree of infection as measured by the 
disease index was correlated with plant characters that 
directly influence yield. Even if the disease index was 
correlated with percent yield losses, and percent re­
duction in number of green leaves, it appeared that obtain­
ing the disease index was the most suitable method of mea­
suring resistance to stem rot. While yield loss, and num­
ber of green leaves, are correlated with disease index 
there is considerable variation from one replicate to 
another with the use of these measures leading to a large 
experimental error.
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Table 33, Correlation coefficient's (r) in all combina 
tions for disease index, percent yield 
reduction, percent reduction in number of 
green leaves, percent reduction in number of 










Disease index 0.438* 0.437* 0.263 0.190
% reduction, 
yield 0.510** 0.302 0.455*
% reduction, 
green leaves -0.080 0.140
% reduction, 
panicles 0.497**
* Significant at the 5% probability level.
** Significant at the 1% probability level.
Table 29 shows that the coefficient of variation 
obtained using percent yield losses, number of green leaves, 
and number of panicles were much higher than the coefficient 
of variation obtained using disease index as a measure of 
resistance to stem rot. Furthermore, the amount of varia­
tion that could be attributed to the differences among the 
varieties using these measures were much lower than in the 
use of disease index. When using the disease index as a 
measure of resistance to stem rot, as much as 92.54 per­
cent of the observed variation could be attributed to 
differences among varieties. Therefore, if yield losses 
and the number of green leaves gave variable results in 
the greenhouse, much more variation could be expected under 
field conditions where little control over the environment 
can be exercised.
Table 29 shows a wide range in the percent of yield 
loss among the susceptible varieties. Rexoro, Nira, 
74Cr5005, Laballe, Bluebelie, Caloro, Gulfrose, Belle 
Patna, and Taducan gave a disease index range from 4.5 to
5.0 and the percent yield losses ranged from 17.31 to 
85.34. Selection number 74Cr5009 gave a disease index of
4.0 and a percent yield loss of 11.35, which was lower 
than the percent yield loss for variety Nova Dwarf with a 
disease index of 3.1 and a percent yield loss of 14,39.
This indicates that some susceptable varieties appeared 
to have some tolerance to stem rot.
Comparisons of Greenhouse and Field Tests 
for Varietal Resistance to Stem Rot
The disease index was found to be a suitable method 
to measure resistance to stem rot under greenhouse and 
field conditions. The disease indices obtained for 25 
varieties from greenhouse and field tests in 1973, 1974 
and 1975 are presented in Table 34. The correlation coef­
ficients (r) between different tests (Table 35), calculated 
from the data presented in Table 34, indicated that the 
disease index obtained from greenhouse tests was correlated 
with replicated field tests. This indicates the green­
house disease index was a valid measure of resistance to 
stem rot and can be used as a possible substitute for field 
testing. Field tests from 1973 and 1974 were also signi­
ficantly correlated. No significant correlation was obtain­
ed between the field test for 1975 and field tests for 
1973 and 1974. It is important to mention that the unex­
pected field condition in 1973 and 1974 might have affected 
the correlations between the disease indices from year to 
year.
Table 34. Average stem rot disease index, from greenhouse 
and field tests in 1973, 1974 and 1975, of 25 
rice varieties.















Tangin-Bozu PI 162153 2.4 2.0 2.3 2.3 2.1
IR-8 PI 312627 3.0 3.5 3.1 3.1 2.4
Nova Dwarf Stg652101 3.0 3.3 - 2.8 2.1
Vista Cl 9628-2 3.1 4.1 3.2 3.3 2.5
Zenith Cl 7787 3.2 4.3 3.2 3.2 2.9
Nova 66 Cl 9481 3.5 3.1 3.1 3.2 2.7
Gulfrose Cl 9416 3.6 4.7 2.7 2.7 —
Sadri PI 184675 3.6 4.4 2.2 2.2 3.1
Colusa Cl 1600 3.7 4.0 3.2 3.2 2.7
Hoyoku PI 318643 3.7 3.4 2.2 2.2 2.0
Caloro Cl 5161-1 3.8 4.5 3.3 3.3 2.2
Brazos Cl 9875 - 3.8 2.9 3.6 2.2
Labelle Cl 9708 3.9 4.8 3.0 2.5 3.1
Nira Cl 2702 4.0 4.6 2.9 3.8 3.3
Saturn Cl 9540 4.0 4.3 3.7 3.4 3.7
Nato Cl 8998 4.1 4.2 3.6 3.5 3.1
Bonnet 73 Cl 9654 4.2 3.6 3.6 3.4 3.0
Starbonnet Cl 9584 4.2 4.0 2.9 3.9 3.4
SS Dawn Cl 9649 4.2 4.1 2.8 2.8 2.7
Taducan PI 280681 4.2 4.8 — 2.9 3.4
Bluebelle Cl 9544 4.3 4.9 3.0 3.2 3.6
Belle Patna Cl 9433 4.4 5.0 3.1 3.2 3.3
Dawn Cl 9534 4.4 4.6 3.1 3.2 2.9
Taichung N-l PI 271672 4.6 4.1 3.9 3.1 2.7
Bluebonnet 50 Cl 8990 5.0 4.4 3.4 3.3 3.2
Means 3.8 4.1 3.1 3.1 2.8
1 / All disease indexes calculated on a 1-5 scale 
(1 = no infection, 5 = severe infection).
Table 35. Correlations of varietal disease indices for 
stem rot infection of varieties evaluated in 






































All correlations were calculated from data of the same 
varieties except where data was not available.
* Significant at the 5% probability level.
** Significant at the 1% probability level.
SUMMARY
During the summer of 1973 and 1974 more than 700 rice 
varieties and lines were evaluated for their response to 
the stem rot fungus Sclerotium oryzae Catt. The varieties 
and lines were planted in field disease nurseries at the 
Louisiana State University Rice Experiment Station, Crowley, 
Louisiana. Plants were artificially inoculated with stem 
rot fungus isolate LR 7172 and the varietal reaction evalua­
ted by calculating a disease index. The results indicated 
that about six percent of the lines were resistant in the 
1973 test, however no lines was classified as resistant 
in 1974, but in both years, about one-third of the lines 
gave moderately resistant reactions. More than 50 percent 
of the lines gave susceptible and very susceptible reactions 
in both the 1973 and 1974 tests. Most of the commercial 
varieties of the United States were susceptible to stem 
rot but there were some varieties that gave moderately 
resistant reactions in 1973, The most resistant varieties 
were the introduced varieties including Chugoku, Horuriku, 
Hoyoku, Tangin-Bozu, and Yuang Hsing-2. The inoculation 
method used was effective in establishing infection. 
Evaluation of stem rot infection by the disease index 
method was found to be satisfactory.
Tests to evaluate varietal resistance to stem rot 
under greenhouse conditions were initiated in 1973. The 
disease index taken at maturity did not show significant
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differences among the varieties tested in 1973. It 
appeared that maturity was not the right stage to take 
the disease index, since from the appearance and general 
vigor of the plants there were obvious differences among 
the varieties. Results from the experiment also showed 
that severe stem rot infection could be obtained without 
wounding the plants.
In the 1974 greenhouse screening for resistance to 
stem rot, the disease index was obtained at the hard dough 
stage. Results showed significant differences in reaction 
to stem rot among varieties. The reaction of the varieties 
were better differentiated if the disease index was taken 
at the hard dough stage rather than at maturity. Horai, 
Tangin-Bozu, IR-8, IR-8 x CS-MS/2,72Cr5055, Cr718266, 
Cr715084 and CI9899 were the varieties that gave moderately 
resistant reactions. Nonsignificant correlations were 
obtained between lesion length, taken at the early stage 
of growth, and the disease index. There was a highly 
significant positive correlation between disease index 
and number of dead leaves in both test I and test II. In 
test I the disease index was highly correlated with num­
ber of days to heading and significantly correlated with 
number of panicles.
The results from the experiment using four different 
methods of inoculation on six rice varieties under green­
house conditions indicated that the method using mycelial
discs and the method using sclerotia on wounded sheaths, 
on the average, gave a lower disease index than methods 
using spread sclerotia in water with wounded and unwounded 
plants. Lower C.V.-values were obtained using spread 
sclerotia in water with wounded and unwounded plants than 
in either of the methods using mycelial discs or sclerotia. 
The amount of variation that could be attributed to the 
varieties relative to the total observed variation was 
higher in methods using mycelial discs and sclerotia than 
from the other two methods. Using sclerotia for inocula­
tion and obtaining the disease index at the hard dough 
stage was the more suitable method for evaluating varieties 
for resistance to stem rot. The results of this experi­
ment also indicated that wounding is not necessary for 
effective inoculation.
Lesion length measured on inoculated cut stems was 
significantly correlated with disease index obtained from 
the field (r  ̂ 0.594). However, no significant correla­
tion (r - 0.455) was obtained between lesion length on 
cut stems and the disease index obtained from greenhouse 
tests of the same 15 varieties. The cut stem method to 
evaluate resistance to stem rot is not practical because 
it requires much more laboratory time and effort than 
the disease index method.
The field experiment involving inoculation at differ­
ent stages of growth indicated that the tillering stage
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was the most suitable stage for Inoculation. Inoculations 
at seedling, middle booting, late booting and heading did 
not result in infection as severe as inoculation at early 
tillering or late tillering.
Data from the field experiment using different amounts 
of inoculum showed that inoculating with 100 sclerotia per 
plant gave a significantly higher disease index than using 
only 25 or 0 sclerotia per plant. Inoculating with 50 
sclerotia per plant resulted in the same degree of infec­
tion as using 100, 500, 1000, and 5000 sclerotia per plant.
Disease indices of individual plants, obtained at 
heading, hard dough, and maturity stages of six varieties 
grown and inoculated in the field were compared. The coef­
ficient of variation was generally lower in plants evaluated 
at the hard dough stage than in plants evaluated at the 
heading or harvest maturity stages. In all six varieties 
the disease index increased with maturity.
Results from the greenhouse experiment on the relation­
ship between disease index and actual damage to the rice 
plant and yield reduction showed a significant correlation 
between disease index and percent yield loss (r = 0.438) 
and percent reduction in number of green leaves (r = 0.437). 
This suggests that this disease index provides a good in­
dication of the actual damage done by the stem rot fungus 
to the plant in terms of reduction in number of functional 
leaves, and consequently yield.
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The disease Indices obtained under greenhouse and 
field conditions were usually correlated as were greenhouse 
with greenhouse results and field with field results. The 
above results point out that the disease index is a valid 
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